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WEST INDIAN MADREPORARIAN POLYPS. 


By J. E. DuERDEN. 


INTRODUCTION. 


The insufficiency of our knowledge of the morphology of the soft parts of the Madreporarian 
corals has been commented upon by nearly all writers on the Anthozoa. Such a want at first 
seems remarkable, when we consider for how long and how fully the hard parts have been known, 
both to the zoologist and the paleontologist, and also the great abundance and wide distribution 
of living corals. When, however, the geographical limitations of the greater number of recent 
corals are taken into account, the difficulty of fully observing the polyps when alive, and more 
especially of preserving them and of carrying out their anatomical study, the deficiency can be 
in some measure understood. The investigations of a number of workers have already afforded 
an insight into the general structure of Madreporarian polyps, especially of the simple forms; 
but these are as yet insufficient to enable relationships of a broad systematic character to be 
established. Practically all that has been achieved along such lines is the demonstration that 
coral polyps are constructed on the same plan as the polyps of the principal group of the 
Actiniaria, the Hexactinie; in other words, that the mesenteries and other organs are arranged 
in a cyclical hexamerous manner. 

Many writers have contributed descriptions and figures of living coral polyps; yet so few 
differences are determinable from external characters alone that Madreporarian morphology has 
been but little advanced thereby. For admirable reproductions of the external characters of living 
corals the works of Quoy and Gaimard (1830), Dana (1846), Klunzinger (1877), and the elab- 
orate work of Saville Kent (1893), The Great Barrier Reef of Australia, should be consulted. In 
a recent contribution Prof. H. de Lacaze-Duthiers (1897) has presented a very full account of 
the corals met with in the Mediterranean, and the drawings of the living polyps are among the 
finest we possess. Undoubtedly the best illustrations of West Indian shallow-water corals, mainly 
limited, however, to the skeleton, are those accompanying the Report on the Florida Reefs, by 
Louis Agassiz (1880). In ‘*The Stony Corals of the Porto Rican Waters,” Mr. Vaughan has 
given thirty-eight photographic reproductions of the more familiar West Indian species (1901), 
followed shortly by a more complete series from Prof. A. E. Verrill (1901). 

Of the older writers on coral structure, Milne Edwards and Haime (1857), in their classic 
‘* Histoire Naturelle des Coralliaires,” have given all that was then possible with the limited means 
of research available. It is only within the last two decades that any serious attempt has been 
made to advance our knowledge of the anatomical structure of Madreporarian polyps. The late 
Prof. H. N. Moseley, in 1882, proved that Seréatopora and Pocillopora are true Madreporaria,“ 
and in his ‘‘Challenger” Report on the Deep-Sea Madreporaria made many other additions to the 
morphology of the group (1881). 


«Prof. A. E. Verrill (1869, p. 518), from descriptions and drawings of Pocillopora, had come to the same conclu- 
sions as early as 1867. 
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In the papers ‘Die Gattung Cladocora” (1881) and ‘‘ Korallenstudien” (1886, 1891), Prof. 
A. R. von Heider has described in detail the anatomy and the relationships of the polyps to the.coral- 
lum in two species of Cladocora, and Astroides calycularis, Dendrophyllia ramea, and Madracis 
vharensis. The work of yon Heider is especially noteworthy on account of his contention that the 
skeleton of corals is derived from an actual calcification of the ectodermal cells or calicoblasts. 

Dr. G. H. Fowler, in aseries of five papers, ‘‘The Anatomy of the Madreporaria,” appearing 
in the Quarterly Journal of Microscopical Science, from 1885 to 1890, has described in greater or 
less detail the soft parts of a larger number of corals than any other student of the group, and has 
brought together many important details of coral structure. In the introduction to his first paper 
Fowler gives a review of the little that was then known of the anatomy of the Madreporaria. 

Prof. G. C. Bourne, in two papers, also published in the Quarterly Journal of Microscopical 
Science (1887), describes at some length the anatomy of the corals, /ungia, Mussa, and Euphyllia. 
In 1893 Bourne gave a detailed description of the postembryonic development of Fiung/a, founded 
on material collected by Prof. A. C. Haddon, while in 1899 he published a masterly account of 
the nature and origin of the skeleton in the Anthozoa, dealing particularly with the Madrepora- 
rian skeleton and the calicoblastic layer. Bourne has also contributed the article ‘‘Anthozoa” 
to Prof. Ray Lankester’s Treatise on Zoology (1900), wherein he gives a clear account of many 
of the structural details of the Madreporaria. 

W. L. Sclater, in 1886, contributed an anatomical description of Stephanotrochus moseleyanus, 
and J. Stanley Gardiner (1900) has given a detailed account of the ‘‘Anatomy of a supposed new 
species of Canopsammia trom Lifu;” Miss Edith M. Pratt (1900) has described the anatomy of 
Neohelia porcellana (Moseley). 

Prof. G. von Koch, in a large series of papers, extending from 1877 to the present day, has 
probably done more than any other worker toward elucidating the problems of Madreporarian 
morphology, on the correct lines of embryology and the relations of the hard and soft parts as 
revealed by microscopic sections. 

Prof. H. de Lacaze-Duthiers, in 1872-73, made two valuable embryological contributions, 
** Développement des Coralliaires,” and records the results of the first attempts to rear coral larvae 
to the skeleton-bearing stage, while his figure of the anatomical relations of the soft and hard 
parts of Astroides calycularis has been copied into many of the text-books of zoology. Two 
recent publications of Lacaze-Duthiers (1894, 1897) contain descriptions of a number of early 
stages in the development of several coral species. 

Prof. H. V. Wilson (1888) has carried out a very complete study of the embryology and larval 
stages of Manicina arcolata, as far as the stage at which the skeleton was about to appear; Prof. 
A. C. Haddon (1890) has also published notes on the newly hatched larva of Huphyllia. 

In all probability the polyps of not more than fifty species of corals have been anatomically 
studied, and then often incompletely, owing to the insufticiency of well-preserved material. It 
must be acknowledged, that in so far as the results throw light upon the important question of 
the natural relations of the yarious groups of corals, they are disappointing, especially when the 
great amount of labor involved in conducting the investigations is taken into account. Similar 
anatomical researches carried out on the allied group of the Actiniaria, by workers such as the 
brothers Hertwig, Haddon, McMurrich, Carlgren, and many others, have resulted in placing 
our knowledge of these forms upon a fairly satisfactory morphological basis. No doubt it will 
yet be possible to accomplish the same for the Madreporaria, as the polyps of more species, 
especially reef-builders, become fully known. 

A residence in Jamaica, in the neighborhood of coral reefs, has afforded me the opportunity of 
studying, within the past two or three years, the West Indian shallow-water corals in their living 
condition, and of preserving them for subsequent examination. And in this connection I desire to 
record my appreciation of the liberal action of the Board of Governors of the Institute of Jamaica 
in enabling me to carry out such researches, purely scientific in their nature. 

In the shallow waters of Kingston Harbor, Jamaica, occur free colonies of the following species 
of corals: Porites divaricata, Manicina areolata, Siderastrea radians, Cladocora arbuscula, Solen- 
astrea hyades, and Oculina diffusa. Any of these can be easily kept in aquaria in a laboratory, 
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for weeks or months at a time, by simply renewing the fresh-water lost by evaporation. The 
functional activity of numerous symbiotic unicellular algve (Zoovanthella), present in the endo- 
dermal tissues of each species, is sufficient to maintain the water in a fit state of aeration and purity. 

For typical reef-building corals, such as species of Madrepora, Porites, Meandrina, and Orbi- 
cella, the most convenient collecting spots are among the small group of coral islands, termed 
‘**Cays.” beyond Kingston Harbor and Port Royal. From the reefs surrounding these over twenty 
further species are to be obtained, and other localities around the island yield practically the same 
forms; also at certain places in Kingston Harbor reef-building corals oecur at accessible depths. 
As would be expected from the uniformity of climatic conditions, the Jamaican corals are such as 
are generally distributed throughout the entire West Indian region.” 

All the species here studied have been examined in their living condition, and usually from an 
abundance of material. In most cases the colonies were kept alive for some time within the labora- 
tory, so that the varying aspects of the polyps during expansion and retraction could be observed. 
Much indeed of the character of the polyps is to be obtained in this way, which is impossible from 
retracted preserved polyps. 

Most of the material for anatomical study was preserved with the polyps narcotized in a 
partly expanded condition, in order to render possible a better study of the relationships of the 
various organs and of the skeleton. When killed otherwise the polyps shrink deeply within the 
calice, the stomodzeum becomes flattened by resting upon the central portions of the skeleton, and 
the arrangement of the mesenteries, etc., can be ascertained only with difficulty. For narcotiza- 
tion I have employed either magnesium sulphate or menthol, and both methods give satisfactory 
results. The use of menthol as a narcotic is very simple. It is merely necessary to sprinkle a 
few crystals on the surface of the water, when the reagent becomes slowly absorbed and gradu- 
ally anesthetizes the polyps; pure formol is then added to the water in sufticient proportions to 
make a 5 per cent. solution, and the polyps usually undergo no further change. The polyps may 
retract and shrink slightly if the process of narcotization is incomplete, but never to the same 
extent as if preserved directly. Though very desirable for museum purposes, a polyp expanded 
to its utmost offers no advantages for anatomical and histological study. The tissues in this con- 
dition are so attenuated as not to permit of the characteristics, especially those of the musculature, 
being determined with the same facility as in only moderately expanded examples. Usually the 
polyps expand fully only at night, or when placed in the shade, and the process of narecoti- 
zation requires several hours. At night it was generally found convenient to add slowly the 
crystals of magnesium sulphate or menthol and allow them to act upon the polyps until morning, 
when the addition of formol brought about no retraction. 

The proper preservation of the soft tissues of the Madreporaria has always been a matter of 
some difficulty, but the employment of formol is found to be fairly satisfactory. I have adopted 
it as a 5 per cent. solution in either fresh or sea water. Especially is the reagent serviceable on 
account of its penetrative powers; in all cases the preservation of the internal tissues was equal 
to that of the external, the ciliation being recognizable in most instances. There is an element of 
uncertainty, however, as to how long the histology will remain perfect in the formol solution 
alone. In some instances material which had remained in the original preservative fiuid for 
five or six months has been found satisfactory for microscopic study, but in others a slight 
maceration has taken place. In this latter case the details of the anatomy and coarser histology 
can be still made out, but the more minute histology is imperfect. The possibility of maceration 
holds especially for forms like Porvtes, which exude a large amount of mucus on preservation. 
To guard against such risks, I have found it necessary to transfer the specimens, shortly after 
preservation in formol, through the different grades of aleohol up to 90 per cent. Where material 
intended for histological research has to be kept for some time this is undoubtedly desirable. On 
the other hand, for museum purposes expanded coral polyps, anemones, and medus:e have been 
kept in a solution of formol for seyeral years without any obvious deterioration. 


Vaughan, referred to in the Bibliography. The figures and references to corals in the old natural histories of Jamaica 
by Sir Hans Sloane (1707) and Dr. Patrick Browne (1756) are well worthy of notice, as also those of Lesueur (1820). 
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An aqueous solution of corrosive sublimate or corrosive acetic has also been employed with 
great advantage, in that it fixes the tissues so completely that on decalcification there is little or 
no alteration in the relationships of the different organs. It is much superior to formol or alco- 
hol in this respect. Before commencing the decalcification of material which has been in alcohol 
or formol for some time, I have often found it advantageous to pass it through a solution of cor- 
rosive sublimate. 

Decalcification has generally been performed in a weak solution of hydrochloric or nitric acid, 
after the material has been thoroughly hardened. The acid is added drop by drop to a fragment 
of the coral still in the preservative fluid in sufficient quantities to maintain a slight effervescence. 
From one to two days are required for the decalcification of small pieces of porous corals, such 
as Madrepora and Porites, whereas the decalcification of dense coralla, like those of S/derastrea 
and Oculina, occupies three or four days. Where it has been desirable to carry out the decalci- 
fication with special care, as in investigations of the calicoblast layer and skeletal matrix, very 
weak solutions of acetic and chromic acids have been employed, and then the process requires a 
much longer period. When, as is usually the case, perforating algal matter occurs within the 
skeleton, it is advisable to remove this from time to time, so as to keep a fresh calcareous surface 
exposed, 

If decalcification of properly fixed material be slowly carried out, there is little or no dis- 
turbance of the primary relationships of the soft parts. After a few attempts, I concluded that 
nothing was to be gained by making preparations of the hard and soft parts 77 s/t, such as are 
obtained by embedding fragments of a colony in canada balsam and then grinding down to micro- 
scopic thinness. All the figures of the sections are, so far as concerns the relationships of the 
soft and hard parts, actual reproductions of camera lucida drawings. The irregularity in outline 
of many of the septal invaginations can be understood when one considers how generally the 
septa are provided with spines or granules. 

Much of the work has been carried out while in Jamaica, and the remainder during the 
academical year 1899-1900, in Professor Brooks’s biological laboratory at the Johns Hopkins Uni- 
versity.” My thanks are due to Prof. W. K. Brooks for many valuable suggestions and much 
kindly interest during my stay in Baltimore; also to Prof. A. C. Haddon, of the Royal College 
of Science, Ireland, and Prof. G. B. Howes, of the Royal College of Science, London, for much 
assistance and encouragement from time to time during the progress of the work. I am indebted 
to Rear Admiral (then Commodore) H. N. Henderson for generously affording me facilities for 
collecting in the waters around Port Royal and the Cays beyond. Mr. T. Wayland Vaughan, of 
the United States Geological Survey, has assisted me in the specific determinations. In his recent 
account of the fossil corals from Curacao (1901), and also of the stony corals of the Porto Rican 
waters, Mr. Vaughan (19012) has dealt with the difficult subject of the synonymy of West Indian 
corals. 

The paper is divided into two parts. The first is devoted to a more general description of 
the external characters and morphology of coral polyps, so far as the material available will 
permit, and the second to a description of the external characters and internal anatomy of certain 
representative species. To the former a few notes on lary and postlarval development are 
added, which, although incomplete, assist in an understanding of the significance of many of the 
adult features. In a large measure, also, 1 have carried out comparisons with the better-known 
Actiniaria. The polyps of the two groups are so closely alike that a knowledge of the characters 
in the one often assists in throwing light upon conditions in the other. In the second or system- 
atic part, I have ventured to indicate some of the broader lines of relationships among the Madre- 
poraria, suggested by the new facts obtained, and have attempted for the first time generic 
diagnoses in terms of the polyp. It will be understood that where generic characteristics are 
given they have reference only to the representatives here studied. The isolation under which the 


“Since the presentation of the paper the studies haye been continued, and results of some importance obtained, 
which amplify certain of those here given, particularly those on growth by gemmation and fissiparity. They are 
referred to in foot-notes on various pages. 
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work has been carried out, away from collections of all but West Indian corals, has rendered 
impossible a comparison with other species. 

A complete knowledge of any coral form can be obtained only from a full description of both 
the polypal and skeletal parts, such as has been carried out in a few cases by Fowler, von Heider, 
Bourne, and Gardiner. But in the present instance it has been deemed advisable to confine the 
studies wholly to the soft parts; for some time such will remain the most pressing need among 
workers of the group. 

The main object of the work has been to determine, from an examination of as many coral 
forms as possible, the principal facts of morphology within the group, and the illustrations are in 
the main limited to these.” 


«The following is the list of species studied. The terminology and orthography adopted is mainly that of 
Milne and Edwards and Haime (1857). The recent papers of Vaughan (1901, 1901a) and Verrill (1901) have shown 
that this is in great need of revision. I have added the names suggested by these authors where they differ from 
those here employed. In the descriptive part of the work the usual references and synonyms of the species are 
omitted, as these are sufficiently noticed in the papers mentioned, and also in that of Gregory (1895). 


Madrepora muricata Linnzeus—forma cervicornis (Lam.); forma prolifera (Lam.); forma palmata (Lam.)=TIsopora 
muricata (Linn. ) [Vaughan ]=Acropora muricata (Linn.) [Verrill]. 

Porites astreoides Lamarck= Porites astreoides Lam. [Vaughan ]= Porites astreoides Lam. [ Verrill]. 

Porites clavaria Lamarck= Porites porites (Pallas) forma clavaria Lam. [ Vaughan]= Porites polymorpha Link [Verrill]. 

Porites fureata Lamarck= Porites porites (Pallas) forma furcata Lam. [ Vaughan]. 

Porites divaricata Lesueur= Porites porites (Pallas) forma divaricata Le Sueur [Vaughan]. 

Astrangia solitaria Lesueur. 

Phyllangia americana Milne Edwards & Haime. 

Cladocora arbuscula ( Lesueur ). 

Orbicella annularis (Ellis & Solander)=Orbicella acropora (Linn.) [ Vaughan]. 

Orbicella radiata (Ellis & Solander)—=Orbicella cavernosa (Linn.) [Verrill]. 

Orbicella cavernosa (Linnzeus). 

Solenastriea hyades (Dana). 

Stephanocenia intersepta (Esper). 

Favia fragum (Esper). 

Dichocenia stokesi Milne Edwards & Haime. 

Tsophyllia dipsacea Dana. 

Manicina areolata (Linnzeus)=Mexandra areolata (Linn.) [Verrill]. 

Colpophyllia gyrosa (Ellis & Solander)=Manicina gyrosa (Ell. & Sol.) [Verrill]. 

Meandrina labyrinthica (Elis & Solander)=Platygyra labyrinthica (Le Sueur) [Vaughan]=Meandra cerebrum (Ell. 
& Sol.) [Verrill]. 

Diploria labyrinthiformis (Linnzeus)=Meandra labyrinthiformis (Linn.) [Verrill]. 

Pectinia mxandrites (Linnzeus) = Meandrina mexandrites (Linn.) [Vaughan]. 

Oculina diffusa Lamarck. 

Siderastrxa radians (Pallas). 

Siderastrxa siderea (Ellis & Solander). 

Agaricia fragilis Dana. 

Agaricia agaricites (Linnzeus). 


PAK Ue 


GENERAL MORPHOLOGY. 


In any living coral, be it a simple or colonial form, the soft polyp above can be readily distin- 
guished from the hard, calcareous skeleton below. The latter is generally cup shaped, and serves 
as a support and protection to the former. Structurally the polyp is very simple, and is either 
distinct or united with others. While alive it is variously colored, and assumes very different 
appearances according as it is fully expanded or retracted within its calice. When expanded it 
presents two distinct regions—a smooth column, generally cylindrical in outline, and terminated 
distally by a more or less flattened oral disk. In the center of the latter is the slit-like mouth, 
while toward its periphery are one or more cycles of simple or knobbed tentacles. Sometimes 
the polyps, instead of being distinct and independent, retain but partial individuality, and 
give rise to complicated discal, tentacular, and columnar systems. 

Upon decalcification the nearly colorless basal or aboral region of the polyp becomes 
exposed. This is generally cylindrical or conical, and very complex in detail, being deeply 
grooved obliquely or vertically, and otherwise invaginated in correspondence with the skeletal 
projections; terminally it may be truncated or tapering. 

The interior of the polyp is hollow, but much subdivided by two series of vertical parti- 
tions, arranged in cycles. The members of one series—the mesenteries—hang from the 
body wall, their free edge provided with a filamentous organ, except above, where some unite 
with the stomodeum depending from the margin of the oral aperture; the other partitions—the 
septal invaginations—are wedge-shaped inturnings of the basal wall, which are occupied by the 
skeleton, and are arranged so as to alternate with the mesenteries. Invaginations of the 
basal wall may also occur centrally, when they are usually connected with the septal inturnings. 
The mesenteries cease before the aboral termination of the polyp is reached, while the septal 
invaginations are best developed below, and distally never extend the whole length of the 
expanded polyp. 

Microscopically the body wall is constituted throughout of three distinct layers, very different 
in character. The outer comprises various glandular, protective, and sensory elements; the 
middle is a nearly homogeneous, jelly-like substance; while the inner is mainly constituted of 
glandular and muscle cells, and is often loaded with unicellular algv, the so-called zooxanthelle. 

On any colony new polyps, originating either as buds or by division of some other polyp, 
are to be found in various stages of growth. Within the mesenterial mesogloea of the mature 
polyps may occur groups of sexual cells, and within the polypal cavity may be free larvee 
undergoing the early phases of development. Such are the broad features characteristic of 
Madreporarian polyps, and these will now be described in greater detail. 


COLUMN WALL. 


As comparatively few coral polyps have been described from their appearance in the fully 
expanded condition, the descriptive term co/win has been but little employed in Madreporarian 
literature, though of universal recognition in works on the Actiniz for the corresponding region. 
When coral polyps are fully expanded their columnar character is usually very obvious, but in 
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the retracted condition it is not so evident, and is further confused because one portion of the 
column may be within the calice and another outside; also, owing to the colonial habit of most 
species, the line of separation of the column wall of one polyp from another is not always readily 
determinable. 

The retention of the word column becomes absolutely necessary for a correct appreciation 
of the morphological relationships of the corresponding regions in the various types of coral 
growth. The region admits of a very precise definition, and, except in a few instances, of distinct 
limitations on the living or preserved colony. In the Actiniaria the column includes the whole of 
the polypal wall between the basal disk and the oral disk, the latter limited peripherally by the 
outermost cycle of tentacles. It is also usually distinguishable from the rest of the polyp by 
structural differences, especially in the stronger development of the musculature distally. 

Embryological results indicate, as was first established by Professor von Koch (1882), that 
in Madreporarian corals the basal disk of the larva or young polyp first gives rise to the skeleton, 
and, however complicated the latter ultimately becomes, the tissues lining it directly (skeleto- 
trophic or skeletogenic) are morphologically those of the base. It follows from this that the line 
at which the skeleton-producing tissues pass into the superficial tissues is the boundary between 
the true basal disk and column (PI. XIX, tig. 137). The latter will thus include all the superficial 
part of the polypal wall between this boundary and the outermost row of tentacles, and nowhere 
takes any part in the formation of the skeleton. Column wall and oral disk will thus practically 
correspond with ‘oral body wall,” and basal disk with ‘‘aboral body wall,” as these terms are 
employed by Fowler, Ogilvie (1896, p. 107), and others. By body wall or polypal wall I under- 
stand the whole or any part of the wall of the polyp—base, column, and oral disk. 

In simple polyps, and at the margin of colonial polyps, the boundary between the basal wall 
and the column wall is entire, and is indicated by a marked histological difference; but in colonial 
polyps, elsewhere than at the margin, interruptions exist which permit of free communication 
between the internal cavities of the various polyps constituting a colony (PI. XII, fig. 87). Mesen- 
teries are attached for some distance along the basal skeletotrophie wall, and then pass up the 
column wall, and in the case of the complete members are continued across the disk and down 
the stomodeeum. 

The column wall, as Above defined, is easily distinguished in the simple polyps of Astrang7a, 
and Phyllangia (Pl. V, fig. 46); but in colonies, where the asexually produced polyps remain 
connected with one another, the limitation of the wall of the individual polyp is not always 
readily determinable externally. Many colonial genera, including such as Orbicella, Siderastreed, 
and Porites, display a smooth polygonal groove which represents the external line of demarcation 
of the polyps. The superticial tissues are in partial continuity with the skeletotrophic tissues 
along these grooves, either directly or through the intermediation of the mesenteries, and the 
groove is therefore incapable of elevation above the skeleton, even on full expansion (Pl. TX, 
fig. 67). 

The two or three polyps, which as a rule constitute the sub-colonies of C/ladocora, afford 
interesting stages in the separation of the body wall of polyps primarily united (Pl. VI, fig. 48). 
Usually each polyp presents a free portion along its lower margin, where the ectoderm of the 
column can be seen to pass into that of the base, while the remainder is united with the termina- 
tion of the wall of the other polyps, the line of union being indicated by a groove. As the 
polyps increase in size this line of connection diminishes in extent, the communication between 
the cavity of one polyp and of the other ceases, and ultimately the polyps separate, though 
usually not before each has given rise to one or more buds. 

The polyps of QOceulina (Pl. XXII, fig. 149) are spirally arranged, and as a rule widely 
separated; in the older regions of colonies the limitations of the individual columns are not 
readily seen, but can be easily made out in young colonies, and at the growing regions of others. 
Where the boundary is indicated the pericalicular mesenteries extend as far as the limitations 
of each polyp; but where the polyps have become widely separated, the mesenterial prolongations 
cease before the limitations of the polyps are reached, and then no actual boundary between 
one and another persists. 
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In fissiparous genera like Hava and /sophyllia, in which one or a few oral apertures may 
occur on a single disk, a single wall is common to each disk, but is separable from those adjacent, 
as in the cases just described. The fissiparous conditions met with in these genera become 
more complex in Manie/na, Meandrina, Pectinia, and Colpophyllia. Here the column wall, 
like the disk and the tentacular zone, is common to a large number of oral apertures, but 
along the thecal ridges (collines) a longitudinal groove occurs, separating the column of two 
adjacent systems. A further condition occurs in Agaricia. New polyps seem to arise by fission, 
and each possesses its own system of tentacles; there is, however, no precise boundary line or 
groove between the column wall of adjacent polyps. A prominent thecal ridge imperfectly 
marks off one polyp from another (Pl. XXIV, fig. 162), but no external indication is afforded 
that the column wall becomes adherent to the corallum along its apex. 

Madrepora is another genus in which no external demarcation occurs between the superficial 
tissues of the various polyps making up a colony; it is impossible to say where the column wall 
of one polyp ends, and that of another begins. As shown on PI. I, fig. 1a, representing a fully 
expanded apical polyp, the free cylindrical region, which should undoubtedly be regarded as a 
column, passes directly into the superficial covering of the colony; but on this there is no groove 
limiting the column of one polyp from those surrounding it. 

In simple corals, and around the periphery of colonies, the lower or proximal extremity of 
the column wall is closely adherent to the corallum, and upon decalcification its uninterrupted 
passage into the basal skeletotrophic tissues can be followed, the histological structure of the two 
differing greatly. The upper distal margin of the column continues to grow upward, the lower 
extremity keeping pace with it, and the skeleton below is thus left exposed. Usually foreign 
growths, particularly Nullipores,” in time settle upon the exposed part of the corallum; or it may 
be attacked by destructive agents, such as boring sponges or mollusks, or by tubiculous worms. 

At the actual boundary of the column wall and basal disk a thin deposit of calcareous matter 
usually takes place, which in coral terminology is known as the ‘‘epitheca.” This generally 
shows signs of stratification or wrinkling, the thickened lines representing periods when the 
upward growth of the polypal margin was not proceeding rapidly, and consequently more 
calcareous formation took place. In the early stages of Manicina arcolata, the column wall 
practically envelops the whole of the corallum, and all stages in its growth upward, according 
as the colony enlarges, can be obtained. In the skeleton the epitheca is clearly seen as a thin 
calcareous layer resting upon the edges of the coste, its upper margin indicating both the 
proximal extremity of the column wall and the commencement of the skeletotrophic tissues 
when the colony was alive. The region at which the epitheca is formed is clearly seen on Pl. XIX, 
fig. 137, representing a section through a young polyp of J/anicina, and also on Pl. XIY. 


RANDPLATTE OR EDGE-ZONE, CdGENOSARC, CGSNENCHYME. 


The term ‘* Randplatte” was originated by von Heider (1881, p. 4), when describing the exter- 
nal features of the Mediterranean Cladocora, to include the continuation beyond the crown of 
tentacles of the soft parts of the polyp over the border of the calice. It has since been exten- 
sively employed in Madreporarian literature by Fowler, Bourne, and Miss Ogilvie, the latter of 
whom introduced ‘*Edge-zone” as its English equivalent (1896, p. 108). Referring to the name, 
G. von Koch (1886, p. 342), in a foot-note, draws attention to the fact that the region alluded to 
is no structure ‘‘sui generis,” and therefore possesses no independent morphological significance. 

In expanded coral polyps there is really no demand for such a descriptive term, as in this 
state the column wall stretches vertically, in undivided continuity, from the margin of the tentacu- 
lar crown to its line of union with the wall of the surrounding polyps, and, except for a stronger 
development of the endodermal musculature aboye, the histological structure of the wall is the 
same throughout. Most of the mesenteries also extend the whole length of the column. Where, 


«Tn Astrangia solitaria the incrusting Nullipores sometimes grow upward with such rapidity as to cover the whole 
of the external surface of the corallites, displacing the pericalicular part of the polyp. They may even extend over 
the thecal edge so as to sensibly diminish the aperture through which the polyp protrudes. 
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however, the calicinal wall extends peripherally far upward within the cavity of the polyp, then 
upon retraction of the latter the upper region of the column becomes drawn within the cilice, but 
the lower region, still with the mesenteries attached to it, remains outside. It is to this external 
area of the column wall, often sharply marked off in retracted polyps, that the term ‘* edge-zone” 
is usually restricted. As a result of the same upgrowth of the calicinal wall, the ccelenteron 
likewise becomes separated into calicinal and pericalicinal or perithecal portions, each parti- 
tioned into chambers by the mesenteries, and less so by the septal and costee (Pl. VII, fig. 54). 

Among corals like Porites and S/derastrea, in which the calicinal wall is common to adjacent 
polyps, and the septa are but little or not at all exsert, there can possibly be no extrathecal, or 
rather pericalicinal or perithecal, continuations of the tissues, and no edge-zone. 

By *‘edge-zone” Dr. Ogilvie (p. 108) understands ** that the mesenteries of the interseptal 
loculi are continued into the intercostal loculi,” thus giving a more precise meaning to the term 
than was done by von Heider. Among all the forms here studied, which are provided with a 
perithecal continuation of the gastric cavity into intercostal loculi, Madrepora is the only one in 
which the mesenteries also are not prolonged perithecally. In this genus the superficial covering 
of the colony is continuous with the column wall of the polyp, and, as shown on PI. I, fig 2, the 
celenteron is directly continuous over the edge of the theca with the superficial canals, but there 
is never any trace of external mesenteries. In the expanded polyp the mesenteries are seen to 
pass from the extruded column wall directly into the calice, and the column wall below, unsup- 
ported by mesenteries, rests directly upon the skeletal echinulatious. 

The precise definition given to the edge-zone affords Miss Ogilvie the opportunity of accom- 
plishing the same for the somewhat loosely employed term ‘*Ccenosare.” By this the authoress 
(p. 108), following Bourne (1888, p. 26), signifies ‘‘an extrathecal part into which the mesenteries 
do not continue.” Coenosare will, of course, consist of two distinct tissues: the skeletal covering 
proper (base), and the superficial covering to the colony (column wall), the two separated 
more or less by a continuation of the gastro-ccelomic cavity.” By universal acceptation, ** Caen- 
enchyme” is the calcareous deposit originating from the caenosare, and this is only laid down by 
the skeletotrophic layer, the inner of the two external tissues. According to the definition of 
ccenosare and coenenchyme just given, J/adrepora alone, among all the forms available for study, 
is characterized by these structures; that is to say, the only genus in which the perithecal walls of 
the polyp are without mesenteries (PI. I). 

One of the most illustrative examples in this connection is Oculina. In all the definitions of 
the genus one of the characteristics given is the presence of a solid ceenenchyme. Yet through- 
out young colonies, and in the growing regions of others, the mesenteries are prolonged 
perithecally, so as to extend as far as the spiral groove of separation of the superficial tissues of 
the different polyps, and the corresponding grooves on the skeleton are determinable throughout. 
It is only in the older regions of large colonies that the mesenteries do not extend the whole 
length of the column wall, and the skeletal surface then becomes perfectly smooth, with an 
absence of grooves or costal ridges. Under such circumstances it becomes impossible to draw 
any sharp line between edge-zone or column wall and ccenosare. The latter is merely the extra- 
calicular region of the polyp into which the mesenteries are not prolonged. 

Bourne (p. 26) states that ‘ta common coenosare is due to nothing more than a persistent 
connection between the ‘Randplatten’ of adjacent polyps, and that the two structures are 
homologous.” This undoubtedly holds for some forms, e. g., Galavea, but the first portion of 
the definition can scarcely be regarded as applicable to cases like J/adrepora, where, by defini- 


“At the points where the ccenosare rests upon the costal ridges or echinulations the two coverings are combined, 
and the skeleton is here overlaid only by the superficial ectoderm, the mesogloea, and the calicoblastic ectoderm 
(Pls. I, IL). The perithecal gastro-ccelomie cavity then becomes represented by canals, often reticular in char- 
acter. Fowler (1888, p.7, Pl. XXXII, figs. 2,3) shows that in Amphihelia ramea the direct adherence of the polypal 
wall to the skeleton may become very broad, the canals being, as it were, pushed apart from one another and greatly 
narrowed. 

Of the canals in Cenopsammia Gardiner (1900, p. 361) observes: ‘The ccenosarcal canals in fact are simply 
extratheeal portions of the ccelentera of the different polyps, which serve to connect their intrathecal or gastrovascular 
portions.”’ 
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tion, there is no Randplatte, and one can hardly employ the term homologous in connection with 
structures which are merely continuations of one another. 

Ceenosare then, no more than Randplatte, is a polypal structure ‘‘sui generis;” the two are 
merely special regions of the column wall and underlying skeletotrophic layer, in the latter case 
provided with mesenterial continuations, and in the other devoid of them. Ccenenchyme likewise 
is inseparable from the portion of the thecal wall laid down by the extrathecal layer of the 
morphological basal disk, under whatever name it may be known. The terms have merely a 
topographical, not a morphological, significance.“ In the following pages column wall will 
generally include the whole of theexternal body wall, from the line at which it passes below into 
the skeletogenic tissues to the outer margin of the tentacular zone above. 

Fowler, in his studies of various species of corals, has given much attention to the relation- 
ship of the peripheral part of the column wall to the skeleton, particularly to the manner in 
which it may be said to be supported. At first it appeared that in species without ccenenchyme 
the column wall was supported upon only the perithecal continuations of the mesenteries 
(‘‘ peripheral lamelle”), while in species with cenenchyme the wall was directly supported 
upon only echinulations of the skeleton. Pl. VII, fig. 54, and Pl. XIX, fig. 132, will serve 
as examples of the former, and PI. I, figs. 2-6, taken from JJadrepora, are instances of the 
latter method. Later, however, Fowler found that no such rule could be maintained; that the 
two methods of support—mesenterial and echinulate—might co-exist in the same form, e. g., 
Madracis, Amphihelia. 

Where mesenterial continuations occur, the perithecal portion of the polypal cavity exists as 
a series of simple vertical canals; but where mesenteries are absent, and the column wall rests 
directly upon skeletal ridges or echinulations (J/adrepora), the cavity is usually broken up into a 
complicated system of canals. 

FORM AND ANATOMY. 


Externally the column wall of coral polpys presents few structural modifications compared 
with the same region in the Actiniaria. There is an entire absence of the simple or complicated 
columnar outgrowths often displayed in the latter group, and nothing comparable with a capitulum 
or cycle of acrorhagi has been observed, the column always passing uninterruptedly into the 
tentacles. Practically the only external distinction in this direction concerns the surface of the 
column, whether smooth or verrucose. The latter condition is brought about by the presence of 
teeth or spines on the edges of the cost and septa. Where these occur the polypal walls on 
retraction come to rest upon them, and the areas over the projections become slightly raised 
aboye the general surface, assuming a warty appearance; and even on fullest expansion, when 
free from the corallum, the tubercle-like character rarely entirely disappears. Sometimes the 
verruce are indicated by a slight color distinction, and often give a coarse appearance to the 
polyps. Where the edges of the coste and septa are smooth, or only finely toothed, the surface 
of the outer polypal tissues is likewise smooth. Histologically the verrucx present no differences 
from the rest of the column wall, except that their constituent layers are generally thinner. 
They are thus to be distinguished from the verruce of Actiniw, which are slightly modified 
eyaginations of the wall, or more often take the form of vertical rows of suckers, with a 
strongly marked histological modification. The yerruce in corals are characteristics dependent 
upon the form of the skeleton, rather than a structural differentiation of the soft tissues. 

Corresponding with the coste and septa, the verruce are arranged in vertical intermesente- 
rial rows, larger and smaller rows often alternating, in agreement with the large and small skeletal 
partitions. This is readily seen in species of Orbicella, Favia, and Manicina, while in Meandrina 


to make it much more embracive than would either Bourne or Miss Ogilvie. Thus: ‘‘The Cwnosare is that part of the 
polyps in a colony which lies outside but not above (i. e. in expanded state) the thecw of the several corallites. The ‘Randplatte’ 
of yon Heider and yon Koch, the ‘edge-zone’ of Miss Ogilvie, is then that part of the ccenosare which lies over the 
free portions of the corallites. 
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ina form like /sophyllia, where the septal and costal spines are very variable in the amount of 
development. The external grooves which separate the verrucal ridges correspond with the line 
of attachment of the internal mesenteries, and are always smooth. 

Apparently there are no permanent apertures in the column wall of Madreporarian polyps, 
such as zoophytologists are familiar with in the ‘* Cinclides” of the Sagartids among the Actiniaria. 
Through these latter the thread-like ‘‘Acontia,” loaded with nematocysts, are extruded when the 
polyp is irritated. The majority of coral polyps, however, have the power of extruding 
prolongations of the mesenteries bearing coiled mesenterial filaments along their edge (p. 475), but 
these can evidently perforate any portion of the superficial tissues, the disk equally with the 
column wall. Careful examination of the body wall, before the filaments are extruded, fails to 
reveal any apertures, and their irregular distribution, sometimes over nearly the whole external 
surface of the polyp, would suggest that the apertures are merely temporary and may be 
produced at any point. On Pl. VIII, fig. 64, is represented a section through a portion of the 
column of a polyp of Orbicella annularis through which the filamental part of a mesentery is 
extruded. No histological modification whatever can be made out in the wall itself; the aperture 
is a mere interruption of the layers for the passage of the mesentery and its filament. Upon the 
polyps settling down after irritation the filaments are slowly indrawn, and ultimately no external 
indications remain of the apertures through which they protruded. In some cases the openings 
have been observed to remain distinct for a short time after the indrawal was completed, but the 
injury, if such it can be regarded, was soon completely healed. 

On full expansion of the polyp the column may extend for some distance above the coral- 
lum, and is either cylindvical, oval, or irregular in form. Proximally, where it is fixed to the 
skeleton, it assumes the outline of the individual corallites, and hence may be circular, polygonal, 
or irregular. In species of S/derastrea and Agaricia the column appears never to be raised much 
above the general surface of the corallum, and in forms like Meandrina, with incomplete polypal 
separation, the column on both sides rises for many millimeters as a vertical expansion, with a 
deep valley separating one polypal row from another. 

The form and position assumed by the intercalicular portion of the column wall upon retrac- 
tion of the polyps varies greatly. In most cases the upper region of the column becomes folded 
inwardly over the edge of the theca, while in some it is merely drawn downward. In the 
former condition it either comes to lie inclined downward against the oblique septa (Janic7na, 
Meandrina, ete.), or, by the action of the endodermal circular muscle, it extends horizontally, 
terminating in a circular margin which nearly meets at the center, and thus almost covers 
the disk below (PL X, fig. 74). In Madrepora the wall becomes merely drawn within the calice 
without any overfolding (PI. I, fig. 2); in S¢derustrea and Agaricia the column and disk 
are simply depressed, and come to rest upon the skeleton, leaving the tentacles and mouth wholly 
exposed (PE Xexahie fic. 150). 

Variations in the position assumed by the column wall on retraction of the polyps are some- 
times observable even in the same species. Thus the wall in Por/tes clavaria may be slightly 
folded over the disk, or, as in S/derastreea, it may merely come to rest upon the corallar surface, 
the tentacles and disk remaining exposed (PI. IV, figs. 34 and 35). 

Among the skeletonless Act/n7w the column wall is usually of some thickness, so as to 
give more or less rigidity to the body of polyp, but in the Madreporaria, where support is 
afforded by the skeleton, the polypal wall is nearly always a thin, delicate, often transparent 
structure. In both groups the thickness of the wall is mainly determined by that of the middle 
the mesoglwa, as both the ectodermal and endodermal epithelia vary comparatively little. 


layer 
By contrast with that of most anemones the mesogloea in the column wall of corals is, as a rule, 
little more than a mere separating lamella between the inner and outer layers, except along the 
line of attachment of the mesenteries, where it becomes somewhat thickened in a triangular 
manner, 

The thickness of the column wall is also partly dependent upon the state of expansion or 
retraction of the polyp. On full distention all three layers become greatly attenuated, the 
ectodermal and endodermal cells largely diminished in height, and the mesoglea scarcely distin- 
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guishable as a separate layer. The walls are then much more nearly transparent than in the 
retracted state. In sections the column wall varies from 0.1 millimeter across in /sophy/la 
dipsacea to 0.023 millimeter in Agaricia fragilis. 

The three polypal layers will now be described in more detail. 


ECTODERM. 


The ectoderm of the column of Madreporarian polyps is a regular, often ciliated, columnar 
epithelium, constituted mainly of unicellular gland cells, supporting cells, and scattered 
nematocyst-bearing cells; muscle and nerve fibrils are rarely if ever recognizable in sections. 
The nuclei of most of the cellsare arranged at nearly the same height in the layer, and in sections 
of moderate thickness give rise to a very definite nuclear band or zone. The nuclei thus regularly 
distributed are mainly those of the long narrow supporting cells; the nuclei of the gland cells 
and nematoblasts are less restricted and occur nearer the mesoglea. 

The ciliation of the column wall is by no means so pronounced as in the case of the stomodzeal 
ectoderm and mesenterial filaments, and few observations hive been made to determine its 
general distribution in the living polyp, or the conditions of its activity. Traces of cilia some- 
times remain in preserved material, and the effects of its activity are often noticeable on the living 
polyp. When light particles of foreign matter are dropped on the large discal area of a coral 
like Mancina, they are seen to be slowly transferred to the margin of the disk, but, instead of 
merely dropping over, they are dragged in a definite manner along the column, and only 
discarded, as it were, when they reach its lower termination. When similar particles are dropped 
on other living polyps they are likewise set in movement in a more or less definite manner, but 
no such action could be distinguished on the living tissues of /wula fragui. 

The glandular cells of the columnar ectoderm are mainly oval shaped toward the periphery 
of the layer, and narrow internally; the base is generally fibrillar and rests upon the mesoglea 
(fig. 8). The contents are nearly homogeneous and rarely stain, usually appearing quite clear; 
at other times they are finely granular and stain more readily. The cells are mucus secreting, 
and their different behavior toward reagents probably indicates different stages in the deyelop- 
ment of the cell and its secretions. In addition to the clear mucus cells, long, narrow gland cells 
occur of which the contents are coarsely granular, and these take up most stains with great 
avidity. They seem to be different in character from the other gland cells, and, as a rule, are but 
sparsely represented. 

In most cases the gland cells occupy the greater. proportion of the layer, so much so that 
in tangential sections through the outer portions of the ectoderm the cells form a close 
polygonal network, the interstices being occupied by a few supporting cells (Pl. X, figs. 76-78). 
Quantities of clear, colorless mucus are given out by most corals upon disturbance, as, for instance, 
when a fragment from a large colony is broken off; also upon preservation in a limited quantity 
of sea water sufficient mucus may be extruded to give a jelly-like consistency to the liquid. The 
presence of the mucus upon the surface of a colony often interferes with the proper preservation 
of the polyps. This is especially the case with Por7tes, where both the ectoderm and endoderm 
are highly glandular (Pl. IV). 

As a rule the column wall of coral polyps contains a few scattered nematocysts, which, 
however, are never aggregated into distinct batteries such as occur on the tentacles. They 
are always small, of two or three kinds, and are easily distinguished from the long, narrow, 
tentacular form, or the large oval variety more characéeristic of the endoderm. 

In the genera /sophyllia and Meandrina, and to a less degree in certain others, the 
superticial tissues in the living condition appear dense and almost opaque. Histological examina- 
tion reveals that the mesoglea of the column wall in these is a little thicker than usual, but the 
chief cause of the opacity evidently lies in the contents of the ectodermal cells. This is illustrated 
by the genus Orbicella (Pl. VIL, fig. 65). Clear mucus-secreting cells occur with comparative 
rarity, and the chief cellular constituents of the layer are long supporting cells, the nuclei of 
which are elongated and arranged in a very regular zone, so closely that in places they appear to 
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exert a mutual pressure upon one another. The deeper parts of the layer, are characterized by 
the presence of patches of finely granular pigment matter, arranged closely or somewhat distant 
from one another. In the areas of greatest concentration the granules extend almost to the 
periphery of the ectoderm, but they are mainly internal to the nuclear zone. Probably they are 
to be regarded as of the nature of pigment granules, and are to be distinguished from the granules 
of glandular cells. They are manifestly the chief cause of the general opacity of the body wall 
in many fissiparous species. (See also, /sophyli/a, Pl. XVI, tig. 122.) 


MESOGLCBA. 


The mesogloea” of coral polyps has generally been described as a perfectly structureless layer, 
without any of the migrant connective-tissue cells, such as are characteristic of the mesoglea of 
the greater number of Actinian polyps. The homogeneous condition is found in many of the 
species here described, especially where the polyps are small, but in others it becomes somewhat 
more complex. The layer stains feebly, or not at all, and when perfectly homogeneous and 
transparent may be indistinguishable from the clear field of the microscope. 

In large polyps, such as /sophyllia dipsacea, and also in Meeandrina, the mesoglea is rather 
thick, and minute connective-tissue cells occur sparsely throughout. In sections the cells are 


circular or oyal in shape, with a central nucleus, and minute prolongations extend in all direc- 


e 
tions; many of these reach one or other of the surfaces of the layer, and there come into con- 
tact with the ectodermal or endodermal cells. In some instances the processes extend right 
across from one layer to the other, but are mostly disposed in an irregular stellate manner. 
Their close connection with the ectoderm and endoderm would seem to indicate their origin from 
one or both layers, except in the mesenterial mesoglea, where obyiously they can be derived 
only from the endoderm. 

The mesogloea is usually of uniform character and consistency throughout any polyp, but a 
slight difference is revealed in preparations of /sophyllia dipsacea, which have been stained with 
borax carmine and methyl blue. The layer is colored a bright blue, but narrow tube-like por- 
tions, which scarcely take up any coloring matter, stretch across the layer, or in other sections 
appear as small, light-colored disks; with hematoxylin it remains unstained, and exhibits no such 
differentiation. 

The ectodermal and endodermal surfaces of the mesogloea are mostly even, but in some 
regions, especially on the face of a mesentery which bears the longitudinal musculature, the 
surface becomes folded, or may even form complicated branching plaitings, so as to afford an 
increased area for the muscular fibrils (Pl XVIII, fig. 130). The endodermal surface in the 
uppermost region of the column may also be deeply folded for the same purpose (Pl. XVII, 
fie. 121). In no case, however, has the musculature been found to become actually embedded 
within the mesogloa of the column, such as oecurs among anemones where a strong mesoglaal 
sphincter is formed (Sagartide). 

As the mesoglea is practically alike in structure throughout the tissues of any polyp, it will 
be unnecessary again to refer to it in detail in describing the individual organs. Along the line 
of attachment of the mesenteries to the skeletotrophic tissues, and less frequently elsewhere, 
peculiar mesogloeal processes occur which seem to serve as a means of attachment of the polypal 
tissues to the skeleton (Pl. XIII. fig. 95). They are fully referred to on page 481. 


ENDODERM AND SPHINCTER MUSCLE. 


Gland cells, both in the clear and granular condition, are the main constituents of the 
endoderm. Supporting cells are less numerous than in the ectoderm, while the musculature is 


“Ina preliminary note, ‘““On the Anatomy of a supposed New Species of Canopsammia from Lifu,’’ Mr. Stanley 
Gardiner proposes the name ‘‘skeletoglwa’’ for the structureless lamella or jelly of the Actinozoa, instead of a 
“makeshift term,’’? such a ‘‘mesoglcea.’? The introduction of this new term would undoubtedly lead to great confu- 
sion if employed in the literature of skeleton-producing polyps, while such has never been the case with Bourne’s 
term, now uniyersally adopted. ‘‘Skeletoglcea’’ would have served aptly for the jelly-like, homogeneous matrix in 
which the skeleton is laid down (p. 483). In his fuller paper (1900, p. 358), Gardiner prefers to use the term *‘struc- 
tureless membrane’? or ‘basement membrane.’’ 
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better developed, and symbiotic alge or zooxanthelle are nearly always present. The cilation is 
feeble, and rarely determinable in preserved material. 

The endodermal layer is of much the same character throughout the polyp, whether in the 
column wall, tentacles, disk, skeletotrophic tissues, or forming the mesenterial epithelium. — It 
may vary slightly in thickness in different regions, and in the greater or less preponderance of 
glandular cells, while in nearly all the species a remarkable modification of the skeletotrophic 
endoderm takes place in the lower regions of the polyp. ‘The layer here hecomes much thicker 
and loses its distinctly cellular character, appearing finely reticular. So greatly thickened does 
the endoderm become that it often nearly obliterates the gastro-ccelomic cavity in the most 
proximal region of the polyp. The chief constituents—nuclei, cytoplasm, zooxanthelle, and in 
some cases granular gland cells—are mostly accumulated in a narrow peripheral zone, the deeper 
portion being vacuolated or bearing only fine granules (Pl. X, figs. 73 and 75). 

Zooxanthelle occur in large numbers within the endoderm cells of all the species studied, 
with the exception of Phyllangia americana and Astrangia solitaria. They are usually 
distributed throughout the polyp, but are more numerous in the exposed tissues (column wall, 
disk, tentacles) than in the endoderm of the mesenteries and skeletotrophic tissues; they 
even occur within the internal canals of the perforate genera Madrepora and Porites, but are 
never found free or detached within the polypal cavities except in larve. As described on 
page 437, the organisms are the principal cause of the coloration of many coral polyps. Large 
oval nematocysts occur in the endoderm of Porvtes and Madrepora, but are absent from most 
other genera. Their numbers and distinctive form in the genera mentioned are such as to leave 
no doubt that they are actually formed in the endoderm, not free examples injested from the 
ectoderm. 

The circular endodermal musculature of the column wall appears to be always present in 
coral polyps, as in Actinian polyps, though varying much in the degree of its development; 
as a rule it is stronger at the uppermost region of the column wall than below. Sometimes 
the fibrils are scarcely to be found anywhere, while in other species they become strongly 
developed distally, and give rise to a typical diffuse sphincter muscle, such as is characteristic 
of many Actiniw (e.g., Corynactis). This is seen in species of Ovbicella, especially in the 
large O. cavernosa, but also in the smaller O. ananularis (Pl. VIII, fig. 65). Here, in retracted 
polyps, the mesoglea is thrown into deep folds for additional support to the musculature. The 
muscle fibers lining the hollows or grooyes never become separated from the superficial layer, 
as happens in Actinians where the muscle is truly mesogloal. In other species of corals 
the mesoglea forms only very slight folds, while again it may be perfectly smooth, indicating 
avery weak muscular development. 

The sphincter muscle is more strongly developed in /sophyllia dipsacea than in any other 
species here studied. In vertical sections of the uppermost region of the column wall the mesogloea 
displays one or more special thickenings which are much plaited, the whole lined with muscle fibers 
(Pl. XVII, fig. 121). The structure very closely recalls the type of sphincter described by Haddon 
(1898, p. 432) as occurring in the Actinian Jacrodactyla, and there termed a ** restricted” 
sphincter muscle. It represents a stage of muscular development more complex than that 
described as ‘‘ diffuse.” The plaitings appear on several axes of greater or less complexity; while 
in the ** circumscribed” sphincter muscle of Actinian anatomy they are restricted to a single axis. 
The amount of development of the sphincter muscle is manifestly dependent upon the size of 
the polyp, the polyps of /sophyllia and Orbicella being among the largest studied. 

The action of the circular sphincter muscle is to bring about the overfolding of the distal 
region of the column wall upon retraction of the polyps. This occurs in nearly all corals, and, 
as already observed, it results that the column wall almost completely hides the disk and tentacles, 
leaving a small central opening over the oral aperture. Circular constrictions may occur in the 
column wall without any retraction of the disk, in this case the action of the columnar 
musculature is probably the same as before, but the retractor muscles of the mesenteries have 
not come into play and drawn downward the oral region of the polyp. 

G. H. Fowler (1888a, p. 12) was the first to record the presence of an undoubted sphincter 
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muscle in the Madreporaria, having found the mesogleeal plaitings strongly developed in Sphen- 
otrochus rubescens. Gardiner (1900, p. 363) also describes a strong circular sphincter muscle in 
Ca nopsammid. 

The sphincter, sometimes known as ** Rétteken’s muscle,” is usually strongly developed in 
Actiniaria, where it assumes very varied forms, and becomes of great importance for taxonomic 
purposes. Actinian polyps in general are capable of retraction to a greater degree than are coral 
polyps, but where no sphincter is present the disk and tentacles always remain exposed. There 
is no doubt that the actual outline assumed by the mesogloal plaitings supporting the fibrils, and 
giving its character to the muscle, is largely dependent upon the amount of retraction and exten- 
sion of the polyp, but still sufficient constancy remains to justify the importance attached to 
the muscle for diagnostic purposes. 

A few observations upon the general expansion and retraction of coral polyps may be here 
given. 

EXPANSION AND RETRACTION OF POLYPS. 

Only the more superficial tissues of coral polyps—column wall, disk, tentacles, and upper 

part of the mesenteries—are capable of expansion and. retraction, the change being brought 


> 


about mainly by the action of the musculature of these regions, with an accompanying entrance 
or expulsion of water from the polypal cavity. The skeletotrophic tissues are destitute of muscle 
fibers, and throughout remain adherent to the corallum, perhaps held in position by the peculiar 
wedge-shaped or conical structures originating from the desmocytes (p. +82); hence they take no 
part in the varying aspects of the polyp. 

Polypal expansion proceeds slowly by the imbibition of sea water into the internal cavity, 
and the consequent distension of the body wall. The musculature being relaxed, entrance of 
the water is effected through the oral aperture, probably as a result of the activity of the 
strongly developed stomodeal cilia. On retraction of the muscles, and subsequent diminution in 
size of the polypal cavity, the water is largely expelled, also through the mouth. In a colony 
where the cclentera of all the polyps are in communication with one another, there seems no 
reason why water should not be abstracted from one region to another, so that the polyps in 
one part may be expanded and those in another retracted. The polyps of one area of a colony 
are often ina different state of expansion from those of another. If an expanded colony be 
suddenly lifted out of the water, flaccidity of the tissues almost immediately results, due to the 
loss of water, and the latter can be actually observed flowing from the internal cavity. On irri- 
tation of a single polyp in a fully distended colony the polyp readily retracts, and those around 
more slowly, the water issuing through the mouth as a distinct stream. 

Polypal retraction is brought about by the united action of the musculature of the mesen- 
teries, column wall, disk, and tentacles, the first mentioned being probably the most important. 
The longitudinal retractor muscles are always more or less well developed on one face of each 
mesentery, the mesoglea being often folded to give increased area. By the contraction of these 
muscles the distal region of the polyp is drawn downward; at the same time the contraction of 
the circular endodermal musculature of the column wall aids in the shrinkage, and the same is to 
be said of the circular musculature of the disk. 

From the comparative development and arrangement of the muscle fibrils throughout coral 
polyps, it is manifest that retraction is entirely dependent upon muscular contraction, while 
expansion is mainly due to the relaxation of the muscles, followed by the entrance of water. 

The external appearance of corals varies greatly, according as the polyps are expanded or 
retracted, and it is only from a full knowledge of both conditions that a clear understanding of 
the relationships of the polyps to the corallum can be obtained. On complete retraction the 
superticial tissues come to lie more or less closely upon the upper part of the corallum, always 
separated, of course, from direct contact by the adhering skeletogenic tissues. In strongly 
retracted examples of most species the cost and septa are seen through the polypal walls and 
stand out prominently, and the tissues over them are much thinner than the portions of the wall 
which oecupy the intervening depressions. Where the edges of the septa or cost are sharply 
spinous, as in /sophyl/ia, the points appear as if perforating the tissues; but it may be doubted 
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whether this ever occurs naturally, as sections reveal only a great thinning of the layers. Polyps 
of Madrepora, Cladocora, and Astrangia, having a tubular calice, are able to withdraw their 
upper parts so deeply within the latter as to render the disk and tentacles almost invisible. 
Most members of the Astraeidie also partly withdraw themselves within the calice, and at the 
same time, by the contraction of the sphincter muscle, the capitular region of the column wall 
is drawn, iris-like, over the disk and tentacles, leaving but a small central aperture through 
which the mouth and central part of the disk can usually be seen. In M/anicina and Colpophyllia 
the columnar musculature is weakly developed, and when retracted the capitular region is 
partly drawn downwardly and inwardly, covering the tentacles, but leaving the middle discal area 
exposed. In Madrepora, Porites, Siderastrea, and Agaricia the column wall is very rarely 
overfolded; on retraction the disk and tentacles are merely drawn downward, coming to rest 
upon the corallum, and the tentacles, disk, and mouth remain exposed. 

During full expansion the upper part of the polyp is elevated some distance beyond the 
corallum, and the perithecal portion of the gastro-ccelomic cavity becomes swollen.“ The 
column wall, instead of being folded horizontally or downward over the theca, now stretches nearly 
vertically from its line of union with the other polyps and skeleton as far as the tentacular zone. 
This alteration of form can be easily understood in the case of distinct polyps, but not so 
readily in species where the polyps are incompletely separated. 

Manicina is a good example of the latter in which to compare the different appearances of 
polyps on expansion and retraction. In the latter condition the meandering disk rests upon the 
skeletal projections on the floor of the calice, and the upper part of the columnar expansion lies 
obliquely upon the upper edge of the septa, then folds over the margin of the theca, and is con- 
tinued downward over the outside of the theca for a distance varying in different examples. On 
full distension the disk is raised several millimeters above the skeleton, becoming much 
broader and flattened, or even convex; the tentacles are arranged in a marginal zone, either 
overhanging or partly involved in the discal tissues. The column wall is elevated vertically, 
its lower margin being the line along which the superficial tissues pass into the tissues lining 
the skeleton, and this for the time being constitutes the lower fixed termination of the column. 

Meandrina and Colpophyllia are somewhat more complicated. The living colony during 
the day usually exhibits a meandering system of columnar ridges and discal valleys; the column 
extends about half way within the calice, folded and slightly swollen as it terminates, and more 
or less hiding the rows of tentacles. Full distension completely reverses the relationship of the 
disk and column wall. The former now becomes raised from its depressed condition along the 
floor of the calice until it is some millimeters wholly above the corallum, and convex in vertical 
section; the adjacent column walls are also raised until they become nearly vertical, and are 
either pressing against one another laterally, or separated only by a deep, narrow groove, at the 
bottom of which lies the line of connection of the column wall to the skeleton. The former discal 
valleys are now the ridges, and the thecal ridges the bottom of the valleys.’ 

A few observations have been made with regard to the external conditions which seem to 
determine the state of expansion or retraction of coral polyps. Asa general rule the polyps are 
not expanded to their full degree during the day, either on the reef or in the laboratory; but 
the process begins immediately after sunset, and full expansion is maintained for the greater 
part of the night. Thus on bringing into the laboratory, in the course of the morning, a collection 
of specimens, they usually remain retracted for the rest of the day, but after sunset (6.30 to 7.15 
p- m. in Jamaica) the polyps begin to expand until they attain their full dimensions. The 
body cavity is greatly distended with water, and the column wall and disk become raised some 


«Where the pericalicular continuation of the gastro-ccelomic cavity has become broken up into irregular canals, 
as in Madrepora, the amount of distension is small; but even in this genus a marked difference is seen in the cceno- 
sare, according as the canais are fully charged or nearly empty. 

b Verrill (1863, p. 38), from an examination of alcoholic specimens of Meandrina, Manicina, and Favia, came to 
the conclusion that the polypal disk does not rise even level with the summit of the corallum, Also naturalists 
familiar with the Bahama and Bermuda corals have informed me that they have never seen many of the fissiparous 
species (e. g., Isophyllia) in an expanded state. 
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distance above the corallum, while the tentacles are erect or overhanging. The colonies remain 
in this state nearly all night, unaffected by any artificial light employed in observing them; even 
when the strong light from a condensing lens rests upon a polyp for some time there is no 
response. In the morning the polyps are again found retracted. 

If injured too much in the process of collecting, as when a portion of a colony is with diffi- 
culty broken off a large mass, the polyps of most corals are unable to recover sufficiently to 
expand at night. The best specimens for laboratory study are the colonies found lying free on 
the sea floor, for these can be removed without much disturbance to the living animals. 

On the reefs, Jeundrina, Colpophyllia, and Orbicella ave found partly expanded during 
the day, only the tips of the tentacles and part of the disk being visible; Janzcina will some- 
times protrude its tentacles, but /sophyl//a rarely so. On the other hand, Madrepora and Porites 
are usually fully expanded; colonies of both species are often met with 77 s/fw on which, by 
means of a water glass, all the polyps are seen protruding to their full extent. 

The corals found in very shallow water in Kingston Harbor are mostly retracted during the 
day; but if collected with care, and placed in shallow glass vessels exposed to the full rays of the 
sun, such species as Jlanicina areolata, Porites furcata, Siderastrea radians, Cladocora arbuscula, 
and Oculina diffusa will expand fully. Further, when in the laboratory these species have 
been kept shaded from the sun during the early part of the morning and are then brought into 
its direct rays, they soon begin to expand, and remain so for some time. Also, on bringing corals 
which during the whole day have been kept in a cool, shaded place into the rays of the setting 
sun they nearly always respond to the change and expand fully. It may be that in such experi- 
ments it is not the strong light but rather the slight increase of temperature of the water which 
exercises some stimulating influence on the polyps. 

The general experience is that if colonies are placed in shaded spots during the day the 
polyps respond to the change, and expand toa greater or less degree, but if exposed to full 
light they remain retracted. 

Much ditference is experienced in the readiness with which various coral species expand. 
In the laboratory Agaric/a seems to open less freely than others; Cladocora and Oculina are 
among the readiest to open out. In some instances the polyps of the latter remained fully 
distended for two or three days together without ever retracting. 

It may, therefore, be taken as a general rule that coral polyps expand to their full degree 
during the night, but that under artificial conditions they may respond to an increase of light and 
temperature. The whole question of their response to external conditions is full of interest, but 
can be solved only by a long series of observations and experiments. 

That night expansion is not restricted to tropical corals may be gathered from the obserya- 
tions of Gosse (1860, p. 312) on Caryophyllia Smithii. This British species was also found to 
expand most freely at night. 

Many sea anemones exhibit the same phenomena as coral polyps, though not to the same 
degree. Colonies of the Zoanthid Palythoa are found in plenty on the reefs; during the day the 
polyps are mostly in the retracted state, and in the laboratory night is always found to be the most 
suitable time for examining them in the fully distended condition. 

In the course of his examination of the coral reefs of Funafuti, Rotuma, and Fiji, Mr. Stan- 
ley Gardiner (1898) found much the same results as regards the time of expansion of coral 
polyps; Luphyllia, Symphyllia, and Mussa were the only corals observed by Gardiner to be fully 
expanded in the daytime. He further states, as is also the case in West Indian waters, that only 
during the night is the tow net able to collect in any quantity the minute larve, eggs, and 
other small organisms which probably constitute the food of coral polyps. During the day such 
pelagic forms evidently sink to the deeper waters, reappearing nearer the surface at night, and 
becoming most abundant in the early morning. 

It may be that night expansion and day retraction of the coral polyps are in some way con- 
nected with this distribution of their food, and it is not unlikely that the phenomenon may be 
associated with the strong local sea breezes which usually disturb tropical waters during the day, 
und produce a cloudiness some distance around the shores. At night and early morning, the 
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breezes having subsided, the waters are quieter and more favorable to the activities of delicate 
sessile animals. 

Perhaps the activity of the unicellular commensal alge, present in such great numbers in the 
endodermal tissue of nearly all species, may be associated with the changes. But fully expanded, 
more transparent tissues in the daytime, would manifestly be most favorable for the functional 
activity of their chloroplasts. 

TENTACLES. 


The tentacles of Madreporarian polyps exhibit a certain diversity of form and arrangement, 
though not to the same degree as the corresponding organs in the Actiniaria. They are mostly 
disposed around the margin of the oral disk, in two or more entacmzeous, alternating cycles. In 
Madrepora and Porites, however, they appear to constitute only a single cycle. In living polyps 
the tentacles can usually be seen to correspond in position with the internal mesenterial chambers 
of which they are the external prolongations, and further to conform in position, and, as a rule, 
in number, with the internal skeletal septa. In nearly all cases they correspond exactly with the 
number of internal mesenterial chambers, both entoccelic and exoccelic. Tentacles arising from 
the entoccelic mesenterial chambers may be known as entotentacles, and those from exoccelic 
chambers as exotentacles. Where present the latter always constitute the outermost cycle, and 
all the inner cycles consist of entotentacles. In S/derastrwa the exotentacles differ in form from 
the entoccelic members (Pl. XXII, fig. 151), while in Agaréc/a, and the fully developed apical 
polyps of JMadrepora, exoccelic tentacles are wanting. Gardiner (1900, p. 365) also found the 
tentacles to be entoccelic only in Canopsammia. 

In all coral polyps so far described only one tentacle arises from each mesenterial chamber. 
The number of tentacles therefore represents the actual number of mesenteries present, and, in 
general, the number of septa also. None of the species examined shows the stichodactylinous 
condition so prevalent among tropical Actiniz. @ 

During extension the tentacles are usually elongated, broad below and narrow above, the 
walls thin and somewhat transparent. Most of the species studied are characterized by 4 
white, opaque, knob-like apex, more or less distinct, and constituting a battery of nematocysts. 
The tentacular stems of coral polyps are rarely smooth throughout, but exhibit round, oval, 
or irregular opaque thickened patches, which, like the apical knob, are aggregations of 
nematoblasts. These are elevated a little from the general surface, but rarely show any spiral 
or other regular disposition. Such restrictions of the tentacular nematoblasts are very excep- 
tional smong Actinians, and in this group the knobbed condition is also unusual (Corynactis, 
Corallimorphus). 

With the exception of Siderastreea radians and S. siderea the tentacles of all the species here 
described are simple, while in the genus mentioned the entotentacles become bifurcated toward 
their free extremity, but the exotentacles remain simple. 

In the living polyp the tentacles assume varied positions. During retraction they are 
usually withdrawn within the calice, and completely hidden by the overfolding column wall; but 
in some genera, Siderastrexa and Agaricia, they remain exposed under all conditions of retraction 
or expansion of the polyps. In /or/tes and other forms the tentacles may occasionally remain 
exposed on retraction of the polyps, though more usually hidden under the retracted column wall. 
Upon expansion of the polyp the organs stand erect or overhang, even to such an extent as to 
nearly hide the column wall; and on the same polyp different cycles may sometimes assume 
different attitudes, as where the inner cycle is erect and the outer overhangs. The tentacles of 
corals rarely display much independent motion when fully extended, compared with the activity 
exhibited by the long tentacles of anemones. The tentacles of Cladocora and Siderastred. 
and probably others, possess considerable adhesive power, more especially at the apex; the 
distal part of the stem may also fold round any small object. When small annelids are piaced 


«The term is applied to polyps (e. g., Corynactis, Discosoma) in which the tentacles are arranged in radial rows, 
so that more than one tentacle communicates with a single mesenterial chamber. The character serves to distinguish 
the tribe Stichodactyline from other Actiniaria in which only one tentacle communicates with a mesenterial interspace. 
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upon living colonies of S/derastrea the tentacles of the expanded polyps at once close upon them 
and prevent their escape. 

The detailed arrangement of the tentacles presents many differences in the various species 
studied. As seen externally, the twelve tentacles of Madrepora and Porites (Pls. I and TV) admit 
of no proper distinction into an inner and an outer series, though varying somewhat in size, and 
may therefore be described as acyclic or monocyclic; the apical polyps of the former genus 
bear only a simple cycle of six equal tentacles. Although forming only one cycle, the twelve 
tentacles in both genera represent two orders, constituted of six entotentacles and six alternating 
exotentacles. The tentacles of such genera as Orbicella, Solenastrea, Oculina, Cladocora, and 
Astrangia, whose asexual method of reproduction is by gemmation, usually exhibit a regular 
hexameral inulticyclic arrangement, with the formula 6, 6, 12, 24, etc. Very often the first and 
second orders are arranged so as to form only one inner cycle of twelye members, with which 
the twelve members of the second cycle alternate; the third cycle of twenty-four alternates 
with both these, and so on, according to the number of cycles developed. Where only twenty- 
four tentacles are present they usually appear as an inner and an outer cycle. 

Very often the hexameral sequence of the tentacles is not complete, especially in Cladocora 
and Astrangia. The total number of tentacles in mature polyps of Cladocora arbuscula 
varies from thirty-two to thirty-six, whereas the complete hexameral plan would require forty- 
eight as the next number after twenty-four has been reached. In describing below the 
development of the later tentacles of polyps, it is found that the organs do not arise a complete 
cycle at a time, but in simple or double pairs on each side of the median axis, and in many 
species a tentacular cycle once commenced is not always completed before the polyp attains its 
full size and growth ceases. In such a case it is clear that any intermediate number of tentacles 
between the commencement of a cycle and its completion may be present. 

Whenever an entoccelic tentacle appears, a corresponding exoccelic member usually arises, 
either simultaneously or shortly after, so that the number of exotentacles comprising the outer 
cycle is always equal to the sum of the entotentacles of all the inner cycles. Hence in endeay- 
oring to establish the cyclic scheme of any hexameral polyp, in which the number of tentacles 
may be intermediate between twenty-four and forty-eight, or forty-eight and ninety-six, 
incompletion must be looked for in the two outermost cycles, not in the outermost only. A 
polyp of Cladocora with thirty-two tentacles bears the cyclic formula 6, 6, 4, 16; one with thirty- 
six tentacles the formula 6, 6, 6, 18; with forty tentacles 6, 6, 8, 20, where the numbers 16, 18, 
and 20 represent the exotentacles. The exoccelic cycle thus increases by the same amount as 
the outermost entoccelic cycle. The order of appearance of the tentacles demonstrates that it is 
impossible to establish hexameral completion for all the cycles until the outermost is reached, and 
then relegate any omissions to this, as is usually attempted. Any omission due to hexameral 
incompletion affects both the exoccelic and the last entoccelic cycles. 

The members of any tentacular cycle are nearly always alike in size, but the tentacles 
usually show a diminution in length in passing from the inner to the outer series, a condition 
expressed by the term entacmzeous. The organs in Jadrepora and Porites are exceptional in 
that they vary in size in a very definite manner in the same cycle, while Orbicella radiata offers 
a marked exception to the entacmeous order. The polyps of this species do not readily expand 
their tentacles, and hence are not always favorable for observation. When fully extended the 
different tentacular cycles are found to be widely apart, and the twelve members comprising the 
first cycle are much smaller than those of the next, and even less than the tentacles of the 
outermost cycle. The tentacular plan of a polyp of O. radéata, with three hexamerous cycles, is 
represented on the next page. 

Usually the different cycles which constitute the crown of tentacles are closely arranged in 
u narrow marginal zone, so that basally the members of one cycle partly embrace those of the 
next. O. radiata, just mentioned, is again exceptional in that a wide discal interspace separates 
one cycle from the next, the tentacular crown being unusually broad, encroaching upon the 
peristome. The same feature is also characteristic of the polyps of S/derastrea and Agaricia; 
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the cycles are widely apart, and each individual tentacle is distant from the others. In these two 
genera the tentaculiferous area comprises nearly the whole of the exposed polypal surface (p. 427). 

Tn polyps whose asexual method of reproduction is by fission, the hexameral plan, character- 
istic of larval polyps, and of adult polyps whose reproduction is by gemmation, is lost after 
fission is established, and even the cyclic arrangement becomes obscure. In Faia, Lsophyllia. 
and Manieina individual tentacles belonging to several cycles can be made out, but not with any 
regularity all round. The tentacles in the young polyps are found to be arranged hexamerously, 
but this is altogether lost on mature colonies. Where fission is never or rarely completed, as in 
Meandrina and Pectinia, the tentacles are arranged in meandering systems, and only two rows 
are developed, an inner entoccelic series and an outer alternating exoccelic series, 


Tentacular plan of a polyp of Orbicella radiata. The Roman numerals indicate the orders of mesenteries; D, the directives. The innermost 
eyele of tentacles comprises twelve members, which are the smallest of the series. They arise from the entocceles of the first and 
second orders of mesenteries, which constitute the first’eycle of twelve pairs of complete mesenteries. The second, middle cycle 
consists of twelve alternating tentacles, which are the largest represented. They are outgrowths of the entocceles of the third order of 
mesenteries, which form the actual second mesenterial cycle. The third or outermost cycle is formed of twenty-four tentacles, which 
alternate with the members of the two previous cycles, and arise from exoccelie chambers. The species is exceptional in that the 
members of the innermost cycle are the smallest of the series, and also in the wide distance apart of the cycles. 


When the polyps retract, the tentacles do the same, and become greatly shortened. In addition, 
many species of corals exhibit the curious phenomenon of complete introversion of the tentacles, 
even during full expansion of the polyps, as well as on retraction. Both phases are clearly 
illustrated in the tentacles of Porstes (figs. 30, 38, 40). At times the polyps in this genus will be 
expanded to their full degree, without any display of tentacles; twelve small, more opaque, 
circular areas, sometimes showing a central aperture, are all the external indications of their 
presence, while the local increased opacity indicates that they have become invaginated within 
the ccelenteric cavity. At other times one or more individua] tentacles of a polyp may be 
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protruded, while the rest are inturned. The process of introversion and subsequent extension 
has been actually observed on the expanded polyp. The movements of the tentacular walls, 
inwardly or outwardly, take place so slowly that they can be readily followed, the process some- 
what resembling that seen when a glove finger is indrawn and afterwards pushed out. The 
alternations may be continued for some time. Likewise on retraction of the polyps the tentacles 
of Porites are, as a rule, introverted, instead of remaining merely exposed or covered by the 
column wall; and on preserved colonies very small apertures can be detected with a lens at 
the place of introversion. In longitudinal sections through such polyps the apical knob of the 
tentacle is deepest within the gastro-ceelomic cavity, and is directed outwardly, while with regard 
to the walls themselves, the ectoderm is internal and the endoderm external, a reversal of the 
ordinary condition. These conditions are clearly shown in fig. 40, representing a vertical section 
through a polyp of Lor/tes astreoides. No overfolding of the column wall has taken place on 
retraction, so that the tentacles communicate directly with the surface of the colony. Three 
introverted tentacles (¢) are present; the one to the left is divided radially, so that the section 
includes its aperture of communication with the exterior, while the two to the right are tangential 
sections, and therefore do not display the external opening. Again, in fig. 50, representing a 
transverse section through the stomodeal region of the same species, seven introverted tentacles 
are seen in section, almost completely occupying the mesenterial chambers, and exhibiting 
a reversal of the ordinary relations of ectoderm and endoderm. In other polyps sectionized a 
variable number of introverted tentacles has been met with. The apex of the introverted 
tentacle may extend as far inwardly as below the inner termination of the stomodeum, so that 
accompanying the introversion very little diminution in the length of the stem has taken place. 

Among the living expanded polyps of adrepora also complete tentacular introversion is 
often observed, in both apical and radial polyps. In the former six slight opacities around the 
margin of the transparent disk remain to indicate the tentacular area; later, the tentacles may be 
observed to protrude, either all together or successively. 

During the retracted condition of the fissiparous genera /ua/a, Manicina, Meandrina, and 
Isophyllia it is sometimes impossible to discover any tentacles externally. When sections are 
made, however, the organs are found to be introverted, occupying both the entoccelic and 
exoccelic mesenterial spaces. 

In addition to actual introversion, in which all parts of the tentacles are still determinable, 
a condition is often presented in which the stem wholly disappears, becoming a part, as it were, 
of the discal wall. 

Retracted tentacles of Siderastrea and Agaricia, for example, are ustally represented by only 
a slight tubercular elevation of the disk, which is the knob or swollen apex, while the stems have 
wholly disappeared in the disk (Pl. XXIII, figs. 154, 155, and Pl. XXIV, fig. 163). In micro- 
scopic sections the former are displayed as mere ectodermal thickenings, charged with nemato- 
eysts, and no differentiated can be found whereby the tentacular stem can be distinguished from 
the discal wall. 

Among the fully expanded polyps of Orhicella annularis the two eyeles of short tentacles 
often wholly disappear. Here, again, it appears as if the tentacular tissues were not introverted, 
but rather have become involved in the greatly expanded margin of the disk; slightly raised, 
triangular areas, representing the apical swellings, are all that can be observed of the organs. 
On full extension of the adult polyps of JJ/anicina areolata the tentacles likewise may be 
wholly wanting, their walls having become part of the expanded disk. Thicker, more opaque 
discal spots, which are the only evidence of their former presence, represent the nematocyst- 
bearing capitulum. In the young polyp of Janicina displayed in section on Pl. XIX, fig. 157, 
the tentacle appears only as a thickened, nematocyst-bearing area of the polypal wall. Occa- 
sionally in Pordtes astreotdes tentacular disappearance, as contrasted with tentacular introversion, 
may be also observed. 

Of previous observers, Fowler (1888, p. 11) has described and figured the introversion of 
the tentacles in Seréatopora subulata. Von Heider (1886, p. 158) has described in Astrocdes 
calycularis the opposite condition, in which the intertentacular portions of the disk have been 
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drawn within the mesenterial chambers of the polyp, while the tentacles remain directed 
normally outward. The introverted disk in von Heider’s figures presents in transverse and 
longitudinal sections much the same appearance as the introverted tentacles of /r7tcs in figs. 30 
and 40, that is, the ectoderm is internal and the endoderm external. In many instances of 
strongly retracted polyps the tentacles are found greatly depressed or introverted as integral 
parts of the disk. Discal infolding is noticed more fully on p. 434. 

From all these examples it is manifest that the phenomenon of tentacular introversion in 
both expanded and retracted polyps, and of disappearance in the discal wall of fully expanded 
polyps, are very general among corals. They probably serve to explain the statements of some 
of the older observers that tentacles are wanting in certain species of corals. 

G. von Koch (1890, p. 399) has found in the contracted polyps of the Aleyonarian, RA/zovenia 
rosea, that, in addition to the infolding of the disk and upper part of the column, the tentacles 
undergo invagination, but only for about half their length; the proximal half still preserves the 
normal relationship of outer ectoderm and inner endoderm. This is undoubtedly similar to the 
process described above, only the introversion is not continued to the extreme limit, as in Porstes. 
In the living expanded polyps of the coral Astro/des calycularis, von Koch has also observed that 
the terminal part of a tentacle is often drawn inwardly toward the basal part, and again pushed 
out, the movements somewhat resembling the drawing in and pushing out of a telescope tube, 
and continuing for some time. 

An explanation of tentacular introversion does not seem readily forthcoming, for beyond 
the usual ectodermal longitudinal and endodermal circular fibers no special musculature is dis- 
coverable whereby the movements may be produced; further, a decided individuality is exhibited 
by the various members comprised in the cycles. One may surmise as a cause a difference in 
the hydrostatic pressure between the internal cavity and the exterior, owing to variations in the 
circulation of the nutrient fluid within the colony. But this would not account for the fact that 
the polyp itself may remain fully expanded, and only certain of the tentacles be invaginated, 
while the others remain extruded. 

The disappearance of the tentacular walls in the discal tissues seems more easy of explana- 
tion. Structurally the tentacles in the Madreporaria are rarely the important differentiated 
discal outgrowths which they have become in most Actiniaria, and when the polyps attain their 
full expansion it can readily be understood how the tentacular walls may become involved in the 
discal expansion, and lose the distinctness of their walls, the thick apex only remaining to indi- 
cate their former presence. The tentacles are originally outgrowths of the disk, and can again 
become part of it, the thickened apical knob remaining as the only evidence of a special differen- 
tiation. 

Histology.—Histologically the walls of the tentacles present few characteristics which do not 
occur in the column wall or disk. Such peculiar features as they display have reference to 
their function as stinging organs. Transverse or longitudinal sections of most species exhibit 
marked inequalities in the thickness of the ectoderm, the broader regions representing special 
nematocyst areas. The thickenings correspond with the more opaque areas on the tentacular 
walls in the living condition, and are best seen in sections made from tentacles in the expanded 
condition, as in the retracted examples the wider nematocyst regions tend to overlap the inter- 
vening narrow areas (PI. VI, fig. 50; Pl. X, fig. 75). The largest battery of stinging cells is 
at the apex, and here the outermost zone is constituted almost wholly of nematoblasts. By 
focussing with a high power around the free edge of a nematocyst area, triangular or thread-like 
enidocils can usually be discerned, especially in the living tentacle, and cilia may be present over 
the whole tentacular surface (PI. II, fig. 10). 

The nematocysts in the tentacles are mainly of the long, narrow, thin-walled form, with the 
spiral thread closely coiled (Pl. XVII, fig. 124). Other thin-walled forms—small and oval, or 
large and oval with a loose spiral thread—may occasionally occur, but are never so characteristic 
asthe former. In the deeper parts of the ectodermal layer, brightly staining, apparently homo- 
geneous bodies are generally seen, which represent nematocysts in various stages of development. 
At first they are irregularly arranged at almost every angle with the surface, but as they reach 
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maturity they migrate to the periphery, and arrange themselves in a vertical direction, parallel 
with the other cellular constituents. 

A weak longitudinal ectodermal musculature seems to be always present, the cut ends of 
the fibrils being displayed in transverse sections, and most pronounced toward ‘the proximal 
extremity. In some species—e. g., Cladocora, Madrepora, and probably others—a distinct 
nerve layer also occurs, situated some distance from the mesogloa (PL. I, fig. 1077. /.). The 
ectodermal gland cells and supporting cells are practically the same as in the column wall, 
but the former are less numerous. 

The tentacular mesoglea is always a very thin layer, usually smooth on both surfaces, while 
the endoderm is comparatively broad with irregular internal limitations. The endoderm is 
generally richly supplied with zooxanthelle, but the alge are absent from Phyllangia, Astrangia, 
and certain of the tentacles of Madrepora. In all instances a weak circular musculature is 
developed, but the mesoglea is rarely folded to afford it additional support, as in the larger 
tentacles of Actinians. The lumen is preserved, even in fully retracted tentacles. 

The tentacles of several genera present so many peculiarities of form and arrangement as to 
call for special description. 


TENTACLES OF MADREPORA AND PORITES. 


The tentacles of the polyps of Madrepora and Porites are exceptional among the genera 
studied in that they are, with certain exceptions, only six or twelve in number, and in the 
adult usually exhibit constant variations in size. The tentacles of the apical polyps of 
Madrepora will be first described (fig. 1, a, 4). In the most typical instances only six tentacles 
occur, all equal in size, and communicating with the entoccelic chambers. They are widest at 
their origin in the margin of the disk, where a considerable interval separates one from another, 
and terminate either acutely or in a rounded manner. The surface is smooth throughout, no 
urticating spots being visible. 

Polyps with such a tentacular system are found at the apex of the long established branches of 
colonies of both the palmate and arborescent types of growth. On polyps at the ends of short, 
rapidly growing branches, rudiments of other tentacles also occur, alternating with the members 
of the first order. In regions of vigorous growth, as at the margin of palmate colonies, it is 
found that certain of the ordinary polyps, bearing the full complement of twelve tentacles, may 
become larger and assume an apical character, and among these the separation of the tentacles 
into an inner and an outer cycle can be recognized. Sometimes, only two or four of the six 
members of the outer cycle will be present, always much smaller than the entotentacles. All 
stages in the diminution in number and size of the outer exoccelic tentacles are, however, 
represented, according as the polyp has recently assumed or long maintained the apical position; 
at the same time, the six members of the inner cycle become larger and more equal. 

From all the variations observed, it is clear that on any polyp taking on the axial condition 
the six exoccelic tentacles, present on all the radial polyps and smaller from the beginning, tend 
to completely disappear, and only the six entoccelic members ultimately remain, becoming at the 
sume time larger and equal. Like the other regions of the axial polyp, the tentacles are perfectly 
colorless, owing to the absence of zooxanthelle, and are not often seen fully expanded. 

Among the fully developed radial polyps of J/adrepora twelve tentacles occur; rarely, the 
number may be incressed to sixteen, eighteen, or as many as twenty-four. The usual forms and 
arrangement are given on PL. I, fig. 1 (d.-7.). The separation, as regards distance from the center 
of disk, into two alternating cycles of six each, is not clearly defined, but the members of one 
series are always larger than those of the other. The anterior or abaxial tentacle, adjacent to 
the nariform apex of the corallite, is longer and stouter than any of the others, and colorless, 
except toward its origin. It may be nearly twice as long as the others, and stands out very 
prominently; even in partly retracted polyps, when the tentacles are arranged vertically, it 
easily overtops the rest (c.). The opposite or axial tentacle—that is, the one adjacent to the stem— 
is the next in size, but differs very little, sometimes not at all, from the four large lateral 
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tentacles. These four, two on each side of the median plane, are approximately equal. Later, 
in describing the relationships of the mesenteries of Jadrepora, it will be seen that the large 
anterior abaxial tentacle is dorsal or suleular in position, while the opposite axial tentacle is 
ventral or sulcar as regards the polyp as a whole (p. 444). 

Of the smaller alternating series of six tentacles the abaxial laterals (one on each side of the 
large abaxial tentacle) are always the smallest, and are generally colorless throughout. The 
middle laterals come next in size, and the axial laterals may be a little smaller than these. The 
difference in size between the middle and axial laterals is, however, often scarcely perceptible; 
but the four are always larger than the two abaxial laterals, and are more deeply colored. In 
polyps near the apex of growing branches all the tentacles may be colorless. 

As far as can be made out in the living state, the tentacles of the very minute, intercalary 
polyps are uniform in size, and in regions where the corallites possess a circular, free edge 
the tentacles tend to become more uniform in size. The large abaxial tentacle is always best 
developed in polyps where the corallite has the most marked nariform projection, as in JZ. 
cervicornis; undoubtedly, there is a relationship between the form of the mouth of the corallite 
and the amount of inequality among the tentacles. 

In L. Agassiz’s Report on the Florida Reefs (Pl. XVIII) an outline figure of an expanded 
terminal polyp of Madrepora cervicornis is given, in which six large equal tentacles alternate with 
six much smaller tentacles, likewise equal. Such a stage is occasionally met with on young 
branches, but is to be regarded as transitional to the stage in older branches with only six equal 
tentacles. On the same plate are also outline figures of expanded lateral polyps from near the 
tip of a branch; as there represented the abaxial aspect is uppermost. 

Prof. A. E. Verrill (1869) was the first to draw attention to this variation in the external 
characters of the axial and radial polyps of JMJadrepora, and regarded it as the only instance of 
dimorphism among the Madreporaria. The apical polyps are seen, however, to be derived by 
modification of the radial, and, as will be shown later, the internal anatomy of the apical and 
radial polyps presents no differences corresponding with those of the tentacles, so that the 
dimorphism is not very deep seated. 

The tentacles in all the West Indian species of Por/tes are, like those of Madrepora, usually 
twelve in number. Developing polyps exhibit a less number, and others occasionally occur in 
which the number may be fourteen, sixteen, or as many as twenty-four. On the colonies no 
distinction is to be made between apical and radial polyps. The tentacles of all the polyps 
are extremely small, smooth-walled, and digitiform, rarely exceeding 1 or 2 mm. in length. 
Viewed with a lens, in their fully expanded condition, or even when introverted, they appear to 
constitute but one cycle, and very often differences in size are recognizable of the same character 
as in Madrepora (Pl. IV, fig. 32). The two tentacles in the longer oral axis are somewhat 
larger than the others, and one of these, corresponding with the abaxial in JMadrepora, is 
somewhat longer than the other; the tentacles situated one on each side of the largest are likewise 
the smallest of the twelve. Both P. clavaria and P. furcata exhibit this bilateral arrangement, 
but in such minute polyps the differences are not so decided as on the larger polyps of Jladrepora, 
and are not obvious on all the polyps of a colony. In /. astrewo/des the twelve tentacles are 
usually equal in size. 

It is shown later (p. 431), that this regular variation in the size of the tentacles of Madrepora 
and Porites is to be explained as the retention in the adult of a well-known larval stage passed 
through in the development of the tentacles of certain Actiniaria, and is also associated with a 
primitive condition of the internal mesenteries. 


TENTACLES OF SIDERASTR/A AND AGARICIA. 


The tentacles on the polyps of the genus S’derastrea are so small as to be scarcely distin- 
guishable with the naked eye, especially when retracted; but by careful examination with a lens 
their disposition and character can be made out. Observations have been made upon the organs 
in both S. radians and S. siderea. Instead of being closely arranged in a narrow peripheral 
zone, as in most corals and anemones, the individual tentacles are widely separated from one 
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another, and occupy nearly the whole of the exposed polypal area (Pl. XXII, fig. 150). In the 
living condition each appears to arise either directly over or near the centripetal termination of 
the septum with which it corresponds. The cyclical arrangement is difficult to establish, and in 
many instances this would be impossible without the assistance from the septa which can be seen 
below through the soft tissues. 

On full expansion the inner tentacles are found to consist of a short cylindrical stem, which 
bifureates 2 little beyond midway, each half bearing a spheroidal enlargement at the apex; the 
outermost tentacles, however, are simple, consisting of a short stalk, terminated by a knob-like 
swelling (Pl. XXII, fig. 151). Thus in S/derastrea there is a true dimorphic condition of the 
tentacles, apparently the only instance of such among the Madreporaria, if we except the 
differences between the radial and axial polyps of J/adrepora. In the course of the development 
of the young polyps (p. 533) it has been ascertained that the inner tentacles are at first simple, then 
afterwards another moiety arises over the same mesenterial chamber, and finally a common stem 
is produced, which bears the two halves at its extremity and raises them above the disk. 
Ontogenetically, therefore, the bifurcations represent distinct and separate formations, and only 
later constitute an entire tentacle. 

Subsequent examination of sections confirms what would be expected from the external 
relationships, namely, that the bifurcated inner tentacles are all entoccelic in position, while the 
simple outermost tentacles communicate with the exocceles. In the nearly mature polyps of a 
colony, however, some of the entoccelic tentacles may be simple, but such are merely examples 
in process of development. The exoccelic members are never double. 

On retraction of the polyps the disk and tentacles remain uncovered, the column wall in 
Siderastrea being incapable of overfolding. The tentacles are now represented by minute, 
simple and double tubercular enlargements, scattered over the greater part of the polypal wall. 
Microscopic sections reveal that the stems are no longer determinable as such, having become 
involved in the discal tissues, while the knobs remain as mere ectodermal thickenings (PI. XXIII, 
figs. 154, 155). The apex of the exoccelic tentacles occurs as a simple swelling of the disk, 
directly overlying its corresponding septum, while the two knobs of the entoccelic tentacles are 
disposed one on each side of an entoccelic septal ridge, the two halves connected by a tissue 
similar to that of the disk, which manifestly represents the stem of the expanded tentacle. 
The ectoderm of the knobs includes a peripheral layer of long narrow nematocysts, and is thus 
easily distinguished from the rest of the disk. 

Both 8. radtans and S. s/derea ave further characterized by the tentacles being apparently 
arranged in only approximate cycles, and by the occurrence of a comparatively wide interspace 
between one cycle and another. The imperfect cyclic disposition results from the presence 
of tentacles intermediate in position between the true cycles, and on the actual polyp it is 
often very puzzling, if not impossible, to say to which cycle some of the tentacles should be 
relegated. Polyps are found with from five to seven or eight tentacles. which, so far as their 
position is concerned, must be regarded as belonging to an inner cycle, and the remaining 
members seem to come in irrespective of any cyclic plan. In mature polyps of both species 
three more or less complete alternating cycles of tentacles are actually present, in addition to 
the outer single-knobbed cycle. The members of the latter being situated near the polygonal 
periphery of the polyp are rarely included within a circle. 

When studied in conjunction with the underlying septa an approximate tentacular regularity 
can be established, as in fig. 150. The innermost cycle comprises six double-knobbed tentacles, 
separated by a wide interspace from the members of the second and third cycles, and these latter 
cycles are separated from the outermost cycle of single-knobbed tentacles. It is manifest 
from the figure that the tentacles correspond with the septa, and not all the twelve members 
necessary to complete the third cycle oecur. S. radians appears to never complete its third 
cycle of mesenteries, tentacles, and septa, while in S. s/derea it is occasionally reached or even 
exceeded. In fig. 150 only one member is wanting to complete the third cycle of entotentacles. 

The apparent irregular disposition of the tentacles in this genus becomes explicable on a 
knowledge of the development of the mesenteries and their corresponding septa, or rather the 
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two illustrate the same fact. In both species studied six pairs of perfect mesenteries form the 
first cycle, six alternating pairs make up a second cycle, and there may be twelve pairs forming 
a third cycle. As just mentioned, however, this last cycle is rarely completed. Further, an 
examination of the macerated skeleton shows that in very few instances is the full complement of 
septa, viz., 6, 6, 12, 24, present. Usually in S. radians only a few pairs of the third-cycle 
mesenteries occur, the number varying with the size of the polyp, while in the larger S. sderea 
nearly all the pairs are present, and even some members of a fourth cycle. 

This incomplete cyclic development in the case of the mesenteries is repeated in the last cycle 
of entoceelic tentacles, and, the organs being widely apart, the imperfection of the cycle becomes 
more pronounced externally. With few exceptions the hexameral plan can be traced only as far 
as the first and second cycles. The third cycle may comprise any number of members from one 
to twelve, while the outermost cycle of simple tentacles contains the sum of the members of all 
the three inner cycles. Further, there is a tendency in most species of corals for the two inner 
cycles to constitute but one cycle of twelve, in the same way that as the polyps increase in size 
the mesenteries of the second cycle tend to unite with the stomodzeum, and the first two orders 
of septa form only one cycle. 

A considerable discal space intervening between the different tentacular cycles in S/derastrea, 
as compared with most other corals, it is clear that the two conditions alluded to above find their 
outward expression in individual tentacles occurring at varying distances from the center of the 
disk, and thus giving rise to the characteristic irregularity. In a fully developed, long-estab- 
lished polyp, the cycles are more regular than ina young individual. Moreover, were the cycles 
of tentacles in other coral species to be separated by such comparatively wide discal interspaces, 
instead of being arranged closely in a narrow zone, similar cyclic irregularities would be more 
generally noticed. 

The arrangement of the tentacles in Agaricia very closely resembles that characteristic of 
the genus S/derastrea, but the organs are never bifurcated, and are not distinctly stalked. They 
remain exposed during the retracted condition of the polyp, and during ordinary retraction 
can usually be seen as mere pointed or triangular tubercles, but when expanded they become 
more digitiform, with an opaque white area at the apex. They are often brightly colored 
by comparison with the rest of the polypal wall. In several colonies of the form I identify 
as Agaricia fragilis, 1 was unable to determine the presence of any tentacles in the living 
condition, even with the aid of a lens. In sections through the disk they are, however, 
recognizable as slight, nematocyst-bearing thickenings of the ectoderm (Pl. XXIV, fig. 163). 
The organs are better developed in Aguricia agaricites. 

As in Siderastrea, the individual tentacles are widely separated from one another, and are 
distributed over nearly the whole discal area, one above the apparent centripetal termination of 
each of the larger septa. No tentacles occur over the members of the smallest cycle of septa, 
which transverse sections demonstrate as exoccelic. In this absence of exoccelic tentacles the 
genus Agaricra is unique among the forms here studied, with the exception of the axial polyps 
of Madrepora. 

The majority of the tentacles are arranged so as to form an inner cycle, but the number 
composing it is variable, and the cyclic character is only approximate. Outside there are a few 
scattered examples at different distances from the center, suggesting no cycle relationship. 
The number in the inner cycle varies from five to nine, while the total number in any polyp may 
be from thirteen to twenty-four. 

In Agaricia mesenterial increase appears to be in constant progress, corresponding with the 
growth of the individual polyp, though in no regular cyclic manner. Similarly with the 
tentacles; the inner cycle includes all the older tentacles, and outside this are the later-formed 
members which appear irregularly. Probably it is best to regard the tentacles as acyclic, no 
exotentacles being developed. Counting the tentacles of many polyps gives odd numbers as 
often as even, while in the case of species with exoccelic tentacles even numbers predominate. 
The irregularity in the disposition of the tentacles in Agaric/a should be compared with the 
irregular arrangement of the mesenteries represented on Pl. XXIV, fig. 161. 
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G. C. Bourne (1887), in his paper: **The anatomy of the Madreporarian coral Fungia,” 
refers to the disposition of the tentacles in that genus. His figure of Fungia (Pl. X X11) shows 
a wide interspace between the different cycles of tentacles, as is found to be the case in the much 
smaller polyps of Sderastrea and Agaricia. Evidently, the character may be taken as of some 
diagnostic importance within the Section Fungacea. Bourne casts suspicion upon the accuracy of 
Dana’s description and figures of /mngia (Zoophytes, Wilkes Exploring Expedition, and 
Corals and the Coral Islands), which represent an irregular distribution of the tentacles at 
intervals over the whole of the large disk, as does also the figure of Quoy and Gaimard in 
Voyage de la corvette lAstrolabe. The results from Siderastrea and <Agaricia, detailed 
above, prove that an irregular appearance in the disposition of the tentacles is by no means 
uncommon in the Fungacea. The regular cyclic disposition, when really present, can often be 
established only after a long acquaintance with the forms, and under favorable conditions of 
expansion or retraction. 

The figures of the fully expanded polyps of S/derastrea, accompanying Agassiz’s Florida 
Reefs (1880, Pl. XV., figs. 6, 7), indicate an irregular tentacular arrangement in both cases, 
and such would probably be assumed by any observer on a casual acquaintance with the polyps. 
The appearances given the tentacles in Agassiz’s figures were rarely met with in Jamaican 
specimens, but the dimorphism is clearly shown on some of the members, and is referred to by 
Pourtalés in ‘* Deep Sea Corals” (1871). 


ORDER OF APPEARANCE OF PROTOTENTACLES. 


In corals whose development has been studied sufficiently far, the first tentacles are found to 
make their appearance within a few days after the fixation of the larva. The number of tentacles 
first to arise corresponds as a rule with the number of internal mesenterial chambers already 
established, the tentacles being outgrowths from them. Generally, in coral larve, the twelve 
primary mesenteries, with their corresponding chambers, are developed either at the time of 
fixation or shortly after, and the twelve primary tentacles appear either simultaneously, one 
from each mesenterial chamber, or one cycle may arise in advance of the other. In the latter 
‘ase the inner cycle of entoccelic tentacles usually appears first, and the exoccelic members next, 
but in Siderastrea radians this order is reversed (p. 533). 

The establishment of the tentacles serves to delimit for the first time the larva into two 
regions—disk and column; and with this the larva may be considered to have become the polyp. 
The part of the polypal wall bearing the tentacles and mouth is the disk, and the region outside 
or below is the column. The former becomes more or less flattened, and constitutes the free oral 
extremity of the polyp, as opposed to the fixed or basal aboral extremity, while the column is 
vertical and remains more or less cylindrical. 

The actual appearance of the primary tentacles has been observed as follows: The larve of 
Astroides calycularis, examined by Lacaze-Duthiers (1873), presented twelve tentacular prominences 
at a very early stage after fixation. During the development of Caryophyllia cyathus, G. von 
Koch (1897) found that in most cases the two primary cycles of tentacles appeared simultaneously, 
though some of his observations seemed to indicate a successive origin. Von Koch’s figure 
(p. 760) of the young polyp, at the stage when the prototentacles are all developed, represents the 
members of the inner entoccelic cycle as smaller than those of the outer exoccelic cycle, but in the 
text the author states that they are larger. Lacaze-Duthiers (1897), in his recent paper on the 
corals of the Gulf of Lyon, gives many figures illustrating the early development of Balanophyllia 
regia. From the beginning two alternating cycles of large and small tentacles are indicated, and 
no reference is made to any intermediate stage. The same author (1894) mentions six tentacles 
as occurring at an early stage in the development of /labellum anthophyllum, and later figures 
the complete tweive. 

Young polyps of Munécina arcolata, which | was able to rear to the stage with twelve tentacles, 
were also characterized by the simultaneous development of these organs. When first defi- 
nitely recognizable under the microscope, after a period of fixation of about fourteen days, two 
cycles were present, nearly equal in size (PI. XIX, fig. 135). In two or three young polyps, from 
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a batch of larve of Hava fragum, only six primary tentacles appeared simultaneously, about 
four days after the larvee were set free, and in other larve reared later the members of the inner 
cycle appeared in advance of the outer (Pl. XIV, figs. 106, 107). 

So far as I can discover, Siderastrea radians is unique among both corals and Actinians in 
that the first tentacles to arise are the six exoccelic members. This relationship was established 
in scores of instances, and no exceptions whatever were observed, so that it must be regarded as 
characteristic of the species. The six members were developed simultaneously a few days after 
fixation of the larvee, and two or three weeks elapsed before the members of the entoccelic cycle 
began to appear. These were situated central to the first cycle, and in most cases the six appeared 
together, but a few exhibited a successive order, though of no regular character. For a long 
time the newer tentacles remained smaller than the older, the usual entacmous order being 
thus reversed. 

On the completion of the prototentacular stage, the relationships of the tentacles and 
mesenteries are as follows: The twelve primary mesenteries only have appeared, eight of which 
are complete and four incomplete, and the tentacles are outgrowths from the twelve mesenterial 
chambers, one from each. The six larger tentacles constituting the inner cycle are situated over 
the six entocceles, and the six smaller tentacles of the outer cycle over the six exocceles. 

The rule that the tentacular sequence is associated with the stage reached in the mesenterial 
development was first demonstrated by Lacaze-Duthiers (1872) in the larvee of Actinia equina. 
The primary mesenteries in this species were found to appear in bilaterial pairs, according to a 
regular sequence, and the tentacles conformed to this. Thus from the dorsal chamber, the 
larger of the two produced on the appearance of the first pair of mesenteries, appeared 
large tentacle, and from the ventral or smaller chamber a smaller tentacle, both in the axial 
plane. As the later pairs of mesenteries arose and chambers were formed, corresponding 
tentacles appeared in a bilaterial manner until the twelve were established. The primary 
tentacles in A. eguina retained the bilateral symmetry for some time, but ultimately this was 
sueceeded by the adult condition, in which the tentacles in any cycle are equal in size. 

All corals so far investigated, however, are provided with twelve fully established 
mesenteries (eight complete and four incomplete) and mesenterial chambers before the ten- 
tacles begin to make their appearance. Hence, there is rarely any successive development in 
their tentacular outgrowths, but the members of one or both cycles arise simultaneously—one 
from each chamber. Where in Actinian larvee less than twelve mesenteries are present, the 
number of tentacles shows a corresponding diminution. Thus in larve of Lebrunia coralligens 
only eight of the primary mesenteries were developed at the time of fixation, and but eight 
tentacles appeared-—in this case four large and four small. For nearly a week no increase of 
mesenteries took place, and the tentacles, though modifying their comparative size, remained of 
the same number. Some of the Actinian larvee studied by Lacaze-Duthiers also showed only 
eight tentacles for some time, and Faurot (1895) has obtained similar results. 

A few observations have been made upon the appearance of the tentacles in budding polyps. 
In the earliest stages determinable in buds of Porites and Madrepora, only six minute protuber- 
ances can be dictpoihed: two median and four lateral, differing somewhat in size. Older buds 
with eight or ten tentacles may also be found. Such instances merely suffice to indicate that the 
prototentacles of the bud do not arise simultaneously in the two genera mentioned, but in 
median and then in successive bilateral pairs. The buds, however, are so minute as not to 
permit of more detailed examination in the living expanded state, and scarcely anything can be 
ascertained from preserved colonies. 

The bilateral condition of the tentacles in the adult Madrepora and Porites, already referred 
to, is full of suggestiveness from what is known of the tentacular development in the Actiniaria. 
Lacaze-Duthiers (1872) has shown that in Actinéa equind an axial tentacle first appears, and that 
for a long time this remains larger than the others, which arise in successive bilateral pairs.” His 

aDr. A. Appell6f (1900, p. 79) doubts the accuracy of Lacaze-Duthiers’ account and figures of the development of 
the tentacles in Actinia equina, which have been accepted almost as classic. Among hundreds of laryie of this species 
investigated by him, Appelléf has never met with the succession and proportional size of the tentacles indicated by 
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figure of the larva, at the stage where twelve tentacles are present, should be compared with the 
figures of the tentacles in the adult polyps of J/idrepora and Porites,on Pls. Land IV. It is seen 
how very closely they agree in the relative sizes of the tentacles, and especially in the promi- 
nence of one of the axial tentacles (the dorsal of Lacaze-Duthiers, the abaxial of Madrepora); 
also, the small size of the tentacle on each side of this. Since the publication of Lacaze-Duthiers 
results somewhat similar phases in the appearance of the prototentacles have been obtained in 
other Actinians. In the Actinian, Lebrunia coralligens, 1 have shown (1899) that a bilateral stage 
with a large dorsal or sulcular tentacle is assumed even after a primary tetrameral radial phase. 
Occasionally anemones are come upon in which the primary large tentacle is retained in the 
adult, and in certain Sagartids occurring in Kingston Harbor the organ displays remarkable 
motile powers. 

All the facts go to prove that the adult bilateral condition of the tentacles in Madrepora and 
Porites is to be regarded as the retention of a larval stage occasionally passed through by 
Actiniaria. 

METATENTACLES. 


No description is available as to the manner of appearance of the tentacles in any young coral 
polyp beyond the two cycles of prototentacles. The few observations I have been able to make 
indicate that the metatentacles appear practically simultaneously with the metacnemes, an exo- 
ccelic and an entoccelic member together, as in Solenastrea (tig. 88); or the entoccelic tentacle may 
arise In advance of the exoceelic, as in the young polyp of Fava (fig. 109); S/derastrea radians is 
again exceptional in that its exoccelic metatentacles arise before the corresponding entoccelic 
organs. 

Very definite accounts of the order of appearance of the tentacles in Actiniz are given by 
Professor Lacaze-Duthiers (1872), and also by Dr. L. Faurot (1895). By these writers it has 
been shown, in numerous instances, that the tentacles beyond the two first cycles arise in pairs, of 
which one member is entoccelic and the other exocelic. The entoccelic tentacle grows more 
rapidly than the exocoelic, surpassing indeed the members of the outer (exoccelic) cycle of proto- 
tentacles. The exoceelic metatentacle attains the same size as the exoccelic prototentacles, and 
when the former are all developed the two series together are comprised in the third eyele, the 
second cycle now being formed of the entoccelic metatentacles, which rank next in size to the 
entoccelic prototentacles. 

The stages passed through will be best understood from the accompanying figures (fig. 2), 
taken from Faurot’s ‘‘ Etudes.” The process is that followed in Zealia selina. 


ORAL DISK. 


The oral disk is the more or less flattened distal termination of the polyp. It includes and is 
bounded peripherally by the tentacular zone, and bears the oral aperture in the middle. In most 
species the cycles of tentacles are closely arranged, and comprised within a narrow marginal 
region, while the more central area of the disk, known as the peristome, is naked, and may be 
depressed, flat, or elevated in a cone like manner. The tentacles on the disk of S/derastreea and 
Agaricia are comparatively widely apart, and the naked area is correspondingly diminished; the 
tentacular zone in Orbicella acropora also occupies a large proportion of the disk (fig. 1, p. 423). 
The discal walls are often delicate and partly transparent, and permit of the septa being seen 
through; like the column wall, the external surface may be smooth or verrucose. Usually 
numerous radiating grooves occur, corresponding with the internal mesenteries; the grooves of 
the complete mesenteries extend as far as the center of the disk, while those representing the 
incomplete mesenteries stretch only part way. 


Lacaze-Duthiers; usually eight tentacles arise, practically simultaneously and equal. Knowing the great variability 
often exhibited by Anthozoan laryee, according to the developmental stage at which they are extruded, it seems to 
me not unreasonable to suppose that even the same species may present such wide variations as those given by 
Lacaze-Duthiers and by Appelléf. The agreement of Lacaze-Duthiers’ figures of A. equina with those representing 
the tentacles of Madrepora and Porites is certainly suggestive. 
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In simple polyps, and where asexual reproduction takes place by columnar gemmation, the 
disk is circular or slightly oval, and bears only one central mouth; a complete tentacular system 
belongs to each individual, and forms a closed circle. But where increase takes place by incom- 
plete fissiparity the disk becomes large and irregular in outline, and as a rule bears more than 
one oral aperture, the whole surrounded by a complex tentacular system. In genera like 
Manicina and Meandrina the disk is represented by irregular, meandering, flattened areas. 

During the retracted state of the polyps the disk is depressed, its peripheral border resting 
upon the edges of the septa. On very strong retraction the interseptal discal areas may be 
drawn much below the level of the septal edges, and invade the polypal cavity as mesenterial 
funnels—‘‘ Septaltrichter” (see below). As a rule, the retracted disk is almost entirely hidden 


Fie. 2. 


One of the six tentacular systems of an Actinian polyp, illustrating the order of development of the tentacles, from the stage with twelve 
to the stage with forty-eight tentacles, in their relation with the mesenterial chambers. a, Sextant with two entoccelic proto- 
tentacles (I, I) and one exoccelic prototentacle (A). b, Two rudimentary tentacles have appeared, one (II) from the entoccele and 
the other (B) from the exoccele of a new pair of metacnemes. c, The new entoccelic tentacle (II) has now become larger than 
either of the exoccelic tentacles, but isa little smaller than the entoccelic prototentacles (I), and constitutes the second cycle of tentacies, 
while the exoccelic tentacles (A, B) constitute the third cycle. d, Rudimentary tentacles (e, III; III, c) haye appeared in association with 
the entocceles and exocceles of two new pairs of second-cycle metacnemes. e, The'entoccelic tentacles (III, IIT), incipient in d, have 
now become larger than all the exoccelic tentacles, but are less than the member of the second eycle of tentacles,and constitute the 
third adult cycle of twelve tentacles. All the exoccelic tentacles (A, B, C, C), though appearing at different times, are now equal in 
size, and constitute the last or fourth cycle of the adult. 


by the overfolding upper region of the column wall, but usually a small circular opening 
remains, simulating an oral aperture, and through it the middle of the disk can be seen below. 
On partial expansion also the disk may be sunk below the upper edge of the column, but 
on full expansion it usually becomes strongly convex, the middle area raised above the level 
of the column, and even of the tentacular zone. In Fawa fragum the disk may project in this 
way as much as 5 mm., and the perioral region becomes extended ina dome-like manner, bear- 
ing the slit-like mouth at the apex. This is noticeable also in Oculina diffusa (Pl. XXII, tig. 149). 
In transverse sections through the disk thus produced only the complete mesenteries are usually 
included, as the incomplete members do not radiate far across (Pl. XI, fig. 83). 
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Histologically the disk differs but little from the tentacles or column wall. The peristome 
is generally very thin walled, and in nearly all cases is provided with weak radiating ectodermal 
and circular endodermal musculatures. Granular and clear gland cells are generally numerous, 
and nematocysts, somewhat similar to those in the tentacles, are sparingly distributed. In some 
cases a delicate ectodermal nerve layer can also be distinguished, but is never so pronounced 
as in the tentacles. 

In fully retracted polyps of many species the discal wall is found partly introverted within 
the polypal cavity, somewhat in the same manner as already described for the tentacles (p. 423). 
Such a condition is often very confusing during the study of sections, and may seriously 
interfere with the determination of the relationship of the mesenteries to the stomodeum. In 
one important respect the invagination is distinguishable from the introversion of the tentacles; 
it is essentially mesenterial in position, while the tentacular inturning is intermesenterial. 
Pl. XVI, fig. 117, represents the appearance of the invaginations at different levels, as met 
with in a fully retracted polyp of Dichocenia. The indentations occur about midway along 
the radial extent of the disk, and vary greatly in extent, but in general diminish from above inwards. 
The one to the left extends at this level over three mesenterial chambers, the entoccelic septum 
being evidently notched, and thus permitting of the continuity of two really distinct tracts. The 
middle invagination occupies only one exoccelic chamber, while the upper is still smaller, both in 
width and radial extent. The discal ectoderm is exceptionally broad, being cut obliquely, and 
the radial muscle fibers are clearly seen. The tentacles themselves are also involved in the discal 
invagination, but only as part of the disk, not as distinct organs. 

The depression of the discal wall results in the interruption of the mesenteries radially, so that 
the latter are seen only toward their insertion in the polypal wall and in the stomodveal wall. 

On PI. XII, fig. 95a, taken from a retracted polyp of Favia fragum, a discal introyersion 
is seen near its termination, about midway along the transverse length of the mesentery; a few 
sections below, the continuity of the mesentery is established. Such an appearance might easily 
be mistaken for some tubular organ connected with a mesentery, but the phenomenon can be 
readily explained as a result of the strong contraction of the mesenterial musculature. It is 
easy to see how on full retraction of the polyp the discal wall will come to rest upon the septal 
edges; then any further mesenterial contraction can draw the interseptal portion of the disk 
only downward, so that in transverse sections the latter appears as if actually inclosed within 
the polypai cavity, along the same radius as the mesentery. 

As already mentioned, von Heider (1886) has described an invagination of the discal wall 
in Astrovdes calycularis, but in this case the wall passes into the mesenterial chambers, without 
in any way involving the mesenteries. It is evidentiy independent of the action of these 
organs, and yon Heider endeavors to explain the occurrence as dependent upon the interaction 
of the tentacles and expulsion of the water during retraction of the polyp. 

Dr. O. Carlgren (1899), in his paper, ‘‘Giebt es Septaltrichter bei Anthozoen,” discusses 
Goette’s view that the mesenterial funnels (Septaltrichter) found in the young of various 
Actinian species are to be regarded as distinct organs. In the larvee of Bunodes gemmacea, Carl- 
eren obtained appearances exactly similar to those figured by Goette, and shows conclusively that 
they are merely contraction phenomena. Carlgren’s figures compare most closely with figure 
117, Pl. XVI, and leave no doubt that the appearances are all due to the same cause, namely, 
unequal contraction of different regions of the polyps during preservation. The occurrence of 
fixed septa in corals renders it much easier to understand how the inequality is possible in this 
group than in the case of the wholly soft-bodied anemones or their larvee. 

It may be conceived that the peculiar canal-like modifications, described by Fowler (1887), 
as occurring in certain mesenteries of Madrepora durville’, have been produced by invaginations 
during strong retraction of the polyp. There are, however, some features in this case different 
from conditions yet met with in corals, but on the other hand the modification seems altogether 
at variance with our present knowledge of their morphology. 
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MOUTH AND STOMODAUM. 


The actual form of the mouth of corals depends much upon the condition of expansion or 
retraction of the polyp. In the retracted or partly retracted state the aperture, as a rule, is nar- 
row and slit-like, while the outline assumed on expansion may be nearly circular. Under certain 
conditions the mouth is closed all the way, with the exception of a small opening at each extremity. 
In practically all cases a longer and a shorter axis are determinable, thus giving a bilateral char- 
acter to polyps which otherwise would be outwardly radial insymmetry. In generalike Manicina 
and Meandrina, with a meandering disk, bearing numerous small oral apertures, the longer 
axis of the latter is usually along the length of the disk, and the shorter axis is transverse. In 
branching colonies the longer oral axis is approximately in the axial-abaxial plane, while in 
the many polyps of compact flattened colonies it may be either radial or irregular in direction 
with regard to the middle of the colony. 

The usual condition of living polyps is one in which the mouth is partly open, the white, 
smooth, depending walls of the stomodzeum easily distinguishable through it. Rounded lips 
sometimes serve as a gradual transition from the disk to the stomodeum, but in deeply pigmented 
species the boundary between the disk and stomodzeum is usually very sharply defined. When 
polyps are retracted, the mouth is generally in the same plane as the flattened disk, but on 
expansion it becomes more or less elevated along with the central part of the peristome (fig. 46). 

The stomodeum is usually oyal in transverse section, but may be circular. Its vertical 
extent, as a rule, is comparatively short, more so than is usually the case in Actinian polyps. 
In some species, the lower stomodal edge can be easily discerned when the mouth is widely open, 
the organ suggesting a mere inturned flap of the disk. Sometimes the walls of the stomodzeum 
are smooth, but in perhaps the majority of species they are thrown into deep vertical ridges and 
furrows, extending the whole length of the organ, and a little less marked in the fully expanded 
than in the retracted state. Generally the ridges are more noticeable on the living polyps than 
after preservation, and those of opposite sides alternate. 

When the polypal tissues are partly transparent, the stomodeal ridges are seen to correspond 
in number and position with the attachment of the mesenteries to the inner or ccelomic surface 
of the stomodzeum (Pl. XIX, fig. 131). To a limited extent, therefore, they serve to indicate the 
number of complete mesenteries. The ridges are found to be very variable in number in forms 
such as Meandrina, Manicina, and lsophyllia, which happen to be species in which they are 
best developed. In Meandrina, for example, only three or four ridges will be present on each 
side of the stomodeeum where the oral aperture is small, while in others there may be seven or 
eight. 

On transverse section the stomodzal ridges are seen to be formed by thickenings of the 
mesoglcea, and less so of the ectodem, but the endoderm takes no part (Pl. XXII, fig. 147). In 
species in which the ridges are best developed the ectoderm of the elevations exhibits a slight 
histological distinction from that of the furrows; large nematocysts and gland cells occur among 
the supporting cells of the former, while they are practically absent from the intervening areas, 
which on their part are more strongly ciliated. At the inner termination of the stomodzum the 
ridges appear as if continued down the free edge of the complete mesenteries as the mesenterial 
filaments, and the histology of the two agrees very closely. 

With the exception of the ridges and furrows, occurring only in certain species, the stomo- 
deal walls are structurally uniform all round; in other words, true gonidial grooves or sipho- 
noglyphs are absent from Madreporarian polyps. As met with in the Actiniaria, at the opposite 
ends of the stomodeum, the gonidial grooves are readily distinguished in the living condition by 
the greater thickness and firmness of the walls, and by their smooth free surface; histoiogically 
the ciliation is stronger than elsewhere, and usually nematocysts and glandular cells are 
more sparingly distributed. The grooves in anemones are invariably associated with a pair of 
directive mesenteries. 
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A gonidial groove at each end of the stomodeum is, with certain exceptions, present in all 
Hexactiniw; and a single groove occurs in the Zoanther and Cerianthez. In the Zoanthez the 
organ is ventral or posterior, while, according to Carlgren (1893, p. 248), it is dorsal or anterior 
inthe Cerianthese. A ventral groove, first termed by Professor Hickson (1883) the Siphonoglyphe, 
is likewise found in nearly all Aleyonaria. It is, therefore, a little remarkable to find that such a 
typically Anthozoan organ has never been established for the Madreporaria, and it is absent from 
each of the twenty-six species here studied”. Its non-development is probably indicative of 
the more primitive character of coral polyps generally compared with most Actiniaria. 

The suggestion may be offered that the grooves, already described as occurring all the way 
round the stomodeum in some species of Madreporaria, are to be regarded as the morphological 
and physiological equivalents of the two axial grooves in the Hexactinian polyps. Instead of 
a groove occurring only between each pair of directives, one is found between all the complete 
mesenteries. The same histological differences are found in each case, though not so pronounced 
in corals. No experiments have been made to determine whether the grooves in the Madre- 
poraria have any special function in directing the inhalent and exhalent currents, and with such 
small oral apertures experiments of this character would be difficult to conduct. 

In living polyps of Cladocora arbuscula, Solenastrea hyades, and others, the lateral por- 
tions of the lips and stomodieal walls have at times been observed to come into close contact, 
leaving a small aperture at each extremity of the mouth, through which currents of water enter 
or leave the gastric cavity. A similar approximation has also been recorded by different 
observers as occurring among the Actinix, but is there associated with the presence of gonidial 
grooves. In the Zoanthide, provided with only one gonidial groove, only one terminal aperture 
remains when the lips are approximated. 

The inner stomodeal extremity may become reflected upwardly and outwardly, so that in 
transverse sections the stomodeal walls are cut through twice; or, if they are much folded in 
addition, they may appear several times in succession in the same section. The appearance of 
the reflection in longitudinal section is shown on Pl. VII, fig. 56, and in transverse section on 
Pl. VI, fig. 51. The stomodzeum terminates internally at practically the same level all the way 
round, or the two axial extremities, with the directives attached, may extend a little below the 
lateral walls, but nothing comparable with the ‘t Languettes” of Actinians has been observed. 

Upon complete retraction of the polyp, the distal parts of the polypal tissues—upper column 
wali and disk—mostly come to rest upon the skeletal projections—septa, pali, columella; in 
consequence of which the stomodeum becomes flattened and more or less irregularly folded. 
Asaresult it is often with difficulty that transverse sections of the stomodeeum, exhibiting the 
relations of the mesenteries, can be obtained, especially as the organ is comparatively short. 

On retraction the stomodwal walls as a whole are sometimes thrown into a few deep vertical 
folds, which assume a symmetrical figure. This is especially the case in (rites (figs. 28, 30); the 
folds may be four or six in number, and approach so as to touch one another in the middle, 
practically obliterating the lumen. The stomodeal foldings of a bud of Cladocora likewise 
assumed a regular arrangement (Pl. VIII, fig. 60); Fowler (1888) also describes and figures a 
similar appearance ina transverse section of the stomodwum of Seriatopora sublata. No doubt 
it is a consequence of the strong contraction of the circular endodermal muscle. 

The histological details of the stomodzeal wall are practically alike in all Madreporarian 
polyps, and agree closely with those of the Actiniaria. The ectoderm is always a broad, strongly 
ciliated layer, comprised largely of supporting cells, the nuclei of which are closely arranged, 
and give rise in sections to a characteristic, brightly-staining zone. The ciliation is uniform 
throughout, and is nearly always persistent in preserved material. Asa rule nematocysts of 
two or three kinds occur, while both clear and granular gland cells are numerous. ‘The latter 
are particularly abundant in Cladocora (tig. 52h). In some cases, e. g., Phyllangia, distinct 
ectodermal neryous and muscular elements can be made out near the mesogloeal surface, but are 


“Saville Kent refers to a siphonoglyp in a Barrier Reef Fungia, and Bourne adds one to his diagrammatic figure 
of a coral, on p. 62 of his article Anthozoa (1900). 
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neyer so pronounced as in the larger Actinian polyps. The histological differentiation where 
ridges and grooves are strongly developed has been alluded to above. 

The ectoderm of the stomodeum terminates mesenterially in direct continuity with the 
mesenterial filaments of the complete mesenteries, and for some distance the histological details 
of the two are alike. The layer may be also partly reflected on the endodermal surface, and 
continued a short distance along the edge and both faces of the mesenteries (Pl. V1, fig. 51). 
This reflection of the stomodeal ectoderm plays an important part in discussions of the origin 
of the mesenterial filaments, and is again referred to on page 477. 

The stomodzeal mesoglea is usually thin, and uniform in character all round. As a rule the 
endoderm presents no features which distinguish it from the same layer covering the whole of 
the upper part of the internal cavity. 


COLORATION. 


All descriptions of coral reefs allude to the great variety, richness, and beauty of color of 
the living coral. On any coral patch around Jamaica, the predominating colors are different 
shades of brown—light, dark, yellow, or green. This is largely due to the great abundance of 
colonies of Madrepora, Millepora, and Meandrina, all of which exhibit one or other of these 
brown tints. Adding variety to these are the rich yellows, greens, and blues of the different 
species of Porites. Of the less massive corals—Solenastrea, Cladocora, Oculina, and Havia— 
yellowish-brown is likewise the prevailing color. Eyen where the general coloration of the 
colonies is nearly black or steel gray, as in some species of Orbicella and ILsophyllia, a closer 
examination, especially when the polyps are fully expanded, indicates that yellowish-brown is 
the fundamental color. 

The prevalence of the yellow-brown color is easily understood when an examination is made 
of the polypal tissues. For in all instances in which it occurs, the endoderm is found to be more 
or less crowded with the so-called ‘‘ yellow-cells” or zooxanthelle, which are unicellular 
symbiotic alge, the chromophores of which are yellow or yellowish-green. That these are the 
main cause of the external coloration may be readily proved from colonies of J/adrepora. 
In this genus the polyps toward the apex of growing branches are nearly colorless, the white 
skeleton showing through the perfectly transparent tissues, and on a microscopic examination 
of the endodermal layer zooxanthelle are found to be absent, while they are present in abun- 
dance in the endoderm of the older, strongly pigmented regions. When a contracted living 
tentacle is viewed under the microscope, the margin is quite colorless as far as the thickness of 
ectoderm, while on foenssing within, the endoderm is found to be almost black and opaque. The 
interior of fully expanded tentacles is lighter, and the individual yellow cells can be seen. 

In the few instances in which zooxanthelle are neariy or wholly absent from a species, 
as in Astrangia solitaria and Phyllangia americana, the polypal tissues appear peculiar 
delicate, and are wholly colorless and transparent, except for the occurrence of delicate 
superficial colors, such as rose and green. The transparency of the tissue appears to be very 
general in the members of this group of corals. In the ‘* Introductory Notice” of the anatomy 
of Astrangia dane, Fewkes (1889) also describes the color of the expanded polyps as ** white, 
almost transparent, resembling an’ Edwardsia or small white Actinia; when contracted the color 
shows a green or bluish tinge.” An examination which I have made of the tissues of this species 
reveals an absence of zooxanthelle. 

Again, the polyps on the under, unexposed surface of colonies living in shady places 
are nearly always devoid of color, although the individuals on the exposed area of the 
same colony are deeply pigmented. A remarkable instance of this occurs on the piles supporting 
the broad wharves at Port Royal. Numerous clumps of the corals Oewlina and Cladocora grow 
attached to the piles; the outer exposed colonies are of the usual brown color, while those living 
on the inner pillars, which are cut off from the strong sunlight, are perfectly white, the corallum 
alone showing through the transparent tissues. It is manifest that a chlorophyll-bearing alga 
could not flourish under conditions where it is more or less deprived of light; but except for 
this absence of coloration the coral polyps appear normal. Colonies of Agaricia, which usually 
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are densely colored, are found to be quite pale when living in the shady places often selected by 
these forms. The presence of zooxanthellee does not seem to be at all essential to the life of 
coral polyps, seeing that colorless individuals in the shade flourish apparently as well as those in 
fully exposed places. 

The degree of aggregation of the yellow cells likewise determines the intensity of the 
coloration. The tissues of fully expanded polyps are generally lighter in color and more 
transparent, and under these conditions zooxanthelle are proportionately less numerous in a 
given area than during the retracted condition. When the polyps retract strongly, the alge 
become closely aggregated within the thicker endoderm, and the tissues are darker and less 
transparent. 

During the early stages of maceration of corals such as Madrepora, within a white porcelain 
basin, the zooxanthelle will separate freely from the tissues, and accumulate on the bottom of the 
dish, giving to it a distinctly yellow appearance. 

When coral polyps are preserved in alcohol a brownish yellow or golden yellow pigment 
is first extracted, but after a few hours, if transferred to colorless alcohol, the liquid is colored 
in the same manner as by the green coloring matter of plants. 

The column wall and disk of the species of /sophyllia, Meandrina, and less so of Manicina, 
Colpophylia, and Orbicella, are often characterized by the presence of small, superficial, opaque, 
granular spots and patches. These are recognizable by means of a lens on the living polyps, and 
persist for some time after preservation. When the polyps are retracted the exposed tissues are 
practically opaque, and seem dense in comparison with the nearly transparent walls of such forms 
as Madrepora, Oculina, or Cladocora. ‘The opacity is, however, limited to the regions of the 
column wall and disk which are fully exposed during retraction; the infolding margin of the 
wall, the tentacles, and the peripheral region of the disk, which are non-exposed regions, seem 
thinner and are more transparent. Any other marked superficial colors which may be present 
in these genera are likewise practically restricted to the exposed areas. 

Examination of the outer tissues of these genera, by means of sections and macerations, 
reveals the presence of much finely granular, colored, non-transparent matter. The granular 
matter is mostly concentrated in the deeper regions of the ectodermal layer, but at certain points 
extends throughout the thickness, strongly distinguishing the areas from the remainder of the 
layer. Occasionally, as represented in the section of the column wall of /sophyllia (Pl. XVI, 
fig. 122), the accumulation occurs at fairly regular intervals. On the other hand, some regions, 
such as the upper margin of the column wall, the tentacles, and the periphery of the disk, are 
without the granular cells, these being the more transparent areas in the living polyp. 

The small dense spots, referred to above as seen on the living tissues, evidently represent 
the points at which the granular matter is most concentrated, so as to extend throughout 
the thickness of the ectoderm, while the general opacity of the tissues is due to its more 
diffuse distribution within the deeper parts of the layer. 

On maceration the contents of the cells appear as a finely granular substance, usually yellowish 
in color, and unacted upon, or only very slightly, by stains and acids. The cells thus differ from 
the more usual granular gland cells of the Zoantharia, which are always best developed toward the 
free surface of the layers, and take up stains, such as hematoxylin and carmine, with great avidity. 

It may be conceived that the opacity has for its function the regulation of the amount 
of light passing to the endodermal tissues in corals living in more shallow waters. Certainly the 
forms in which the granular cells are best developed are among the least active of the coral 
polyps, and the coloration is most dense over the exposed areas. The endoderm shows no 
peculiarities which can be connected with the ectodermai opacity; zooxanthellae occur as 
numerously as in other species. 

Manicina areolata affords some interesting variations in the presence or absence of its dense 
superficial coloration, which seem to indicate some connection with the depth at which the corals 
occur. In colonies inhabiting very shallow waters, such as those of Kingston Harbor and 
Bluefieids Bay, the superficial pigmentation—yeliow, brown, or dense opaque white—is strongly 
pronounced, and in small or large irregular patches; but in young polyps and large colonies from 
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the deeper water on the reefs this pigmentation is wholly wanting, and the tissues are of the 
more prevalent yellowish brown color, produced by the endodermal zooxanthellee. 

The superficial or ectodermal coloration of corals varies greatly within the same species, 
especially in different areas, and is of small importance for purposes of specific determination. 

The polyps of Dichocenia stokesi exhibit some exceptional conditions of coloration as regards 
the internal tissues. Within the ectoderm cells of the column wall are found highly refractive 
granules distributed throughout the layer with approximate uniformity. There is no evidence 
of the granules being aggregated within limited groups, nor of concentration toward the deeper 
regions of the layer. They are colorless in preserved material, but are green in the living polyp, 
and are no doubt the chief cause of the green color of the polyps, and the general opacity 
presented by the external tissues. On decalcification of preserved material the lower two-thirds 
of the embedded polypal tissues is also of a dark green color, contrasting strongly with the 
upper colorless walls. Microscopic examination reveals that, as usual, the lower skeletotrophic 
endoderm is greatly thickened, and densely crowded with granules of various sizes. Most of the 
particles, however, are a bright green, exactly recalling the chlorophyll granules in plants; in 
decalcified mounted sections the green color is still intense after two years. The granules in the 
gland cells of the lower region of the mesenterial filaments are also a strong green, and even the 
large nematocysts in the filaments have a green tinge. 

Another form of pigment cell is found in the tissues of Porites. Some colonies of Porites 
clavaria are an intense bright yellow in their living condition, and a lemon color is often met 
with in living colonies of P. astreoides, while the polyps of P. d/varicata as a rule exhibit only 
the pale brown due to the internal zooxanthelle. Macerations and sections of polyps of the two 
first-mentioned species reveal that both the ectoderm and the endoderm are loaded with bright 
yellow, pigment-bearing cells, very variable in form and dimensions. So abundant are they in 
P. clavaria that in places it is almost impossible to make out any of the other histological 
elements; but in P. astreoides they are more sparsely distributed, and their relationships 
can be better determined. In general the chromophore cells are shorter than the supporting cells 
and gland cells of the ectoderm, and occur at all heights within the layer. 

When the ectoderm is macerated the pigment cells separate somewhat readily from the 
other histological elements, and are very protean in shape, scarcely any two being of the same 
form. <A few are represented on PI. IV, fig. 37. The contents are very finely granular, and are 
scarcely affected by stains, but with borax carmine a very distinct nucleus becomes evident. 

The chromophore cells occur most abundantly in the outer tissues, and in both ectoderm and 
endoderm, but are also met with sparingly throughout the polyp, including the epithelium of the 
mesenteries and communicating canals. Zooxanthelle are found within the endodermal cells in 
their usual numbers. The polyps of the genus /%r/tes vary in color more than any other form 
examined. 

Another factor which probably influences the living appearance of many corals is the color 
given to the skeleton by the presence of perforating filamentous algz, belonging to both the 
green and red groups. The coralla of all the species examined are found to be infested with 
boring alge. After decalcification the filaments appear fresh and green near the surface, and 
contain protoplasm and chlorophyll granules, but are colorless and apparently dead in the more 
internal regions. So dense is the foreign growth that in some instances the superticial portion of 
the corallum is rendered bright green or pink by its presence, either wholly or in part. The 
skeletal color is best seen on freshly macerated specimens, as after a few months’ exposure the 
coralla become more or less completely bleached. The upper superficial areas of the fresh coral- 
lites of Orbicella and extracalicular regions of Colpophyllia presented green patches of various 
sizes, while the color was usually more uniform in Agaric/a, but almost any species of coral may 
exhibit large or small affected areas. Decalcification also proves that the perforating algve may 
be present where a superficial examination of the corallum gives no indication. 

By way of contrast with the more prevalent green color, the coralla of /sophyllia dipsacea 
after maceration of the soft tissues were a delicate pink, evidently from the presence of some red 
alea. Thisalso gradually disappeared in the course of two or three months. S/derastraa siderea 
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and Porites astreoides likewise often exhibit a bright pink color immediately below the surface 
of the corallum. In the latter it is still obvious on dried specimens twelve months after collection.¢ 

Where the soft tissues of tne polyps themselves are not densely colored, a green or reddish 
skeleton below must partly determine the general effect by reflection through the polypal wall. 
Lacaze-Duthiers (1897, p. 5) found the coralla of all the Mediterranean corals examined by him 
to be perfectly white when deprived of their soft tissues, hence concludes that the coloration 
is wholly polypal. 

The surface of many polyps often presents a brillant emerald-green color, arranged in streaks 
or patches. It is found mostly on the disk as a peristomial ring, but occasionally on the oral 
aspect of the tentacles. Such has been observed in S/derastrea radians, Orbicella annularis, 
Agaricia agaricites, and Colpophyllia, as an addition to the more usual colors. The phenomenon 
is wholly superficial, not intracellular in origin, for histological examination fails to reveal any 
structure which can be assigned as its cause. The bright green and reddish colors of the other- 
wise colorless and transparent Phyllangia americana and Astrangia solitaria are also of this 
character, and pigment granules are here absent from the ectoderm, as well as zooxanthelle 
from the endoderm. 

The causes of coloration in living corals may be thus summarized: 

(1) Eetodermal.—Pigment granules in ectodermal cells: aggregated in more or less isolated 
patches (/sophyllia, Meandrina, ete.); generally distributed (Portes, Dichocwnia). Superficial. 

(2) Endodermal.—Y ellow cells or zooxanthelle (nearly all corals); green granules (Dicho- 
cena), pigment cells (Porites). 

(8) Shkeletal.—Perforating green and red alge. 


MESENTERIES. 


In all recent morphological studies, which have for their object the determination of the 
natural relationships of the Anthozoa, a greater significance is attached to the order of appear- 
ance and aduit arrangement of the mesenteries than to any other polypal characteristic. These 
serve not only to limit the primary divisions of the group—Aleyonaria, Antipatharia, and 
Actiniaria, but in the Actiniaria the chief subdivisions—Hexactinix, Zoanthez, Cerianthee, are 
likewise determined by the mesenterial features; and even for minor classificatory purposes the 
variations in the organs are often of great service. It will be found that a similar importance 
must be accorded the mesenteries in the Madreporaria, and dependent upon their arrangement 
is that of the tentacles and septa, as well as other less important relationships. 

Among the adult polyps here studied, the simplest condition of the mesenteries is that 
occurring in the genera J/adrepora and Porites. This is represented ia transverse sections in 
the figures on Plates I and IIT, and, for the stomodzal regions, diagrammatically in the accom- 
panying fig. 3. The latter will also serve as an illustration of the terminology to be employed, 
and also for certain cognate morphological considerations, which may be first considered. 

In practically all the polyps of the two genera mentioned only twelve mesenteries occur, 
arranged in six pairs with regard to a median axis, which inciudes the longer diameter of the 
stomodeum. The four pairs reaching the stomodeum are known as complete mesenteries, 
while the two remaining pairs, not united with the stomodseum, are incomplete. The Roman 
numerals I-VI correspond with the established order of appearance of the pairs of mesenteries 
in coral laryee to be deseribed later. 

The twelve mesenteries, characteristic of the adult Judrepora and Porites, occur also 
in the larval stage of genera of which the adults possess more than six pairs, and are 
strongly marked off by their mode of origin from the mesenteries subsequently developed; 
they serve, in fact, as the starting point for various types of mesenterial arrangement of the 
highest importance in Zoantharian studies. In 1900, I found it desirable to introduce some 


‘The subject of coral boring Algee has been more fully dealt with in a paper: ‘‘ Boring Algze as Agents in the 
Disintegration of Corals.’”’ Bull. Amer. Mus. Nat. Hist., Vol. X VI, 1902. 
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term which would distinguish these mesenteries, either singly or as a whole, from the later 
mesenteries. The twelve primary mesenteries constituting the first cycle were designated 
** Protocnemes,” and those appearing later ‘‘ Metacnemes.” “ 

The appearance of a mesentery in transverse sections is rarely the same on both surfaces. 
The cut surfaces of the longitudinal or retractor muscle fibers form a bead-like margin to the 
mesoglea, which is highly refractive and stains deeply (Pl. X VIII, fig. 129). Usually the longitu- 
dinal musculature on one face is stronger than the oblique musculature on the other, and as a rule 
the mesoglea becomes folded or plaited to afford an increased area for the support of the former. 
The oblique muscle fibers are on the opposite face, and in transverse sections are usually cut 
obliquely, and the mesoglea is rarely plaited for their support. For purposes of orientation, 
when studying the internal anatomy of the polyp, the recognition of the retractor muscle fibers 
on one face or the other of a mesentery is of great importance. 


Suleular, Dorsal, Anterior. 


Ww TV 
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Sulear, Ventral, Posterior. 


Fic. 3. 


Plan of the mesenteries at the close of the protocnemie stage. The stage occursin the growth of probably all larval and bud polyps, 
and is retained by most of the adult polyps of Madrepora and Porites. The Roman numerals (I-VI) indicate the order in which the 
mesenteries are found to appear in the larvee of corals. The corresponding mesenteries on the two sides constitute bilateral pairs, 
and the adjacent mesenteries on each side in which the retractor muscles are turned toward each other (II, V; I, VI) constitute 
unilateral (anisocnemic) pairs; the members of the axial pair, III, III, are the sulcar or ventral directives, and the pair IV, IV the 
suleular or dorsal directives. The vertical plane included within the two pairs of directives is the directive plane, and also the axial 
or median plane. 


The mesogloeal plaitings for the support of the longitudinal mesenterial musculature are 
never greatly complicated in form in any of the coral species here studied. They may be quite 
simple, as on Pl. IV, fig. 38, or the folds may become secondarily plaited as in fig. 130. In the 
Actiniaria, on the other hand, the plaitings are often very finely subdivided in a dendriform 
manner, stretching along nearly the whole vertical face of the mesentery, or restricted about the 
middle to form a thick, broad, vertical band. The various figures given by Fowler, Bourne, 


«The substantive ‘‘«v77’’—a radius or spoke of a wheel—was first employed in Anthozoan literature by 
Haddon and Shackelton (1891, p. 626) in the course of their studies of the Zoantheze. In a foot-note with regard 
to it they write as follows: ‘‘We have tried hard to discover a short term for a mesentery, which would readily 
lend itself to combination with other words, but without success. The objection to the word ‘cneme’ is that it 
has reference to the appearance of a transverse section of an Actinian rather than to a mesentery as it actually 


exists. As the investigation of the Zoanthez, at least, must principaily be made by means of transverse sections, 
this objection has not much weight.” 
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and other students of the anatomy of corals indicate that in other genera and species the muscle 
plaitings likewise remain comparatively simple. 

The degree of complexity attained by the mesoglcal foldings undoubtedly varies much with 
the state of expansion or retraction of the polyp, the plaitings being often scarcely recognizable 
in the former condition. Their character also changes in different regions of the polyp, and eyen 
in different parts of the same section (Pl. 1V, fig. 38). The mesentery of Ordicella, represented 
on Pl. LX, fig. 68, shows remarkable differences in this respect, the peculiarities extending 
even to the face bearing the oblique musculature. In the diagrammatic and semidiagrammatic 
figures throughout the paper the retractor muscle is conventionally represented by simple 
processes from the face of the mesogloea. 

From the figure on page 441 it is manifest that the paired character of the mesenteries may 
be regarded from two very different aspects. In the first place the corresponding mesenteries on 
the two sides of the median axis may be considered as pairs. These are known as ‘‘ Bilateral 
pairs,” and so far as concerns the first six pairs, this is the manner in which the mesenteries make 
their appearance in the larva. In bilateral mesenterial pairs the retractor muscle of each moiety 
is on the face turned toward the same aspect of the polyp. On the other hand, any two adjacent 
mesenteries in which the longitudinal muscles are on the faces turned toward each other—that is, 
toward opposite aspects of the polyp—may also be conceived as pairs, and, in contradistinction to 
the others, these may be known as ** Unilateral pairs.” 

The two members of a unilateral pair may be either unequal (one complete and one incom- 
plete, as in fig. 82) or equal (both either complete or incomplete, as in fig. 81). Considerations 
of much phylogenetic interest are connected with these conditions (p. 453). To distinguish a 
unilateral pair constituted of two equal mesenteries I propose the term ‘‘Isoenemic,” and for 
a unilateral pair of two unequal mesenteries the term ‘‘Anisocnemic.” In the majority of 
corals and anemones the metacnemes arise as isocnemic pairs, rarely, if ever, simultaneously 
by cycles, but bilaterally from one aspect of the polyp to the other (p. 459). 

In most adult polyps the condition in which the longitudinal musculature of a pair is on 
the faces turned away from one another occurs only in the case of the two axial pairs, which 
by this means are distinguished as ‘* Directives.” Both from their origin and the disposition of 
the musculature, the directives are bilateral pairs, and are always isocnemic. 

An attempt has lately been made to restrict the meaning of the nearly synonymous 
words ‘pair’ and **couple,” so as to imply whether the two moieties of a mesenterial pair 
are situated on the opposite side of the polyp, or whether they are close together on the same 
side of the polyp, their retractor muscles being vis-a-vis. Unfortunately, there is scarcely 
anything in the terms themselves to denote which should bear one special significance more than 
another, and already they are employed in a directly opposite manner by different Anthozoan 
writers. Thus Faurot (1895, p. 51), referring to the manner of appearance of the mesenteries 
beyond the primary twelve, writes: ‘‘ Ces cloisons mapparaissent pas par couples, comme dans la 
période précédente, @est-d-dire, une dun cdté, une de PaAutre c6té de Paxe commissural de P Actinie, 
mais par pa7res dans les interloges formées durant cette période. Ila été expliqué qu’une paire est 
constituée par deux cloisons voisines dont les faisceaux de feuillets unilatéraux se font vis-a-vis 
(les faisceaux unilatéraux des deux pairs commensurales faisant, seuls, exception) et que chaque 
pair forme une loge.” Also van Beneden (1897, p. 21): ‘*D’accord avec Faurot, j'estime qu'il 
y a lieu de réserver exclusivement le mot pacre pour désigner deux closons voisines délimitant 
une loge; le mot couple pour dénommer l’ensemble de deux sarcoseptes symétriques, siégeant Pun 
a droite, Pautre & gauche du plan médian.” 

There can be not the slightest doubt as to the sense in which these authors employ the terms; 
a couple would be the arrangement corresponding with what is here termed a b/lateral pair, and 
pur with what is here designated a wndlateral pair. Yet Bourne, in the article ‘* Anthozoa,” in 
Lankester’s ** Treatise on Zoology” (1900, p. 39), in a foot-note adds: ‘*It is convenient when 
speaking of the adult arrangement of the mesenteries to use the word ‘couple,’ when of their 
developmental sequence to use the word ‘ pair,’” thus signifying directly the opposite of Faurot 
and van Beneden. 
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Instead of adopting these familiar words, and giving to them a restricted meaning, and hay- 
ing to define whether the one or the other usage is to be attached to them, I prefer to speak of 
‘unilateral pairs” and ** bilateral pairs,” according as the two moieties are situated on one side 
of the polyp, or are on opposite sides of the polyp. There can possibly be no ambiguity as to the 
character of the mesenterial pair indicated. 

The portion of the gastro-ccelomic cavity included within a unilateral pair of mesenteries is, 
following the terminology proposed by Fowler (1885), known as an ‘* Entoceele,” while that 
between any two such pairs is an ‘‘ Exoceele.” Further, the polyp can be divided into sextants 
by six radii included within the primary entocceles, and the mesenteries or septa within each 
sextant are spoken of as constituting a ‘* System.” 

A pair of directives occurs at each extremity of probably all sexually produced Madreporarian 
and Actiniarian polyps, but the regularity is often departed from in asexually developed polyps 
(p. 448). The vertical plane included within the two pairs of directives is known as the ** Directive 
plane,” and coincides with the axial or median plane of the polyp, as well as with the longer 
diameter of the stomodseum, and divides the polyp into symmetrical halyes. Were the V 
and VI pairs of mesenteries to become complete, it is clear that a plane passing between the two 
pairs I and V would also divide the polyp ymmetrically into equal halves, and include the 
shorter; diameter of the stomodeum. Hence polyps at such a stage have two axes of perfect 
symmetry at right angles to each other. From the occurrence of directives, and of longer and 
shorter diameters of the stomodxeum, perfect radial symmetry is not found in any of the present 
species, and v;here noticed elsewhere is probably a result of asexual methods of reproduction— 
not a fundamental characteristic. 

Among animals like coral polyps and anemones, exhibiting a certain degree of radial 
symmetry, the terms dorsal and ventral and anterior and posterior, though adopted, have not 
the same significance as in the higher animals, where one aspect of the body is altogether different 
from the other. Moreover, the relationships, even as understood, are not readily established in 
adult polyps. To determine them it is necessary to select some morphological condition to which 
the disposition of the organs can be referred. The presence of directives enables a median plane 
to be established, to which the organs on each side of the polyp are symmetrically related, right 
and left, and such a mesenterial stage as that represented on page 441 also enables what may be 
termed upper and lower borders to be established. The aspect of the polyp toward which the 
faces bearing the longitudinal musculature of the two complete bilateral pairs of mesenteries I, I] 
are turned has been designated by Haddon (1889, p. 300) the ‘*Sulcar,” and the opposite the 
**Suleular.” The terminology is based upon the fact that amongst Anthozoa where only one 
gonidial groove (sulcus) is present (Aleyonaria, Zoanthez), the organ is on the aspect of the 
polyp toward which the faces of the two pairs of mesenteries, referred to as bearing the vertical 
musculature, are directed. As gonidial grooves, however, seem never to occur within the 
Madreporaria, this character is of no assistance for purposes of orientation, and the sulcar and 
sulcular relationships, as a rule, can only be determined from the order of development of the 
first cycle of mesenteries. Where, in Zoantharian polyps, all the six pairs of protocnemes are 
already complete, and either no gonidial grooves are present or both are equally developed, there 
is in ordinary cases no means of determining the sulcar and sulcuiar relationships. By most 
writers on the Anthozoa the sulear border is regarded as ventral and the sulcular as dorsal. 

Is it possible to determine an antero-posterior relationship in the polyps from the known 
facts of their development, such as shall be at all comparable with that in the higher animals? 
E. van Beneden (1891), from his study of the development of the Cerianthid Avachnactis, and 
E. B. Wilson (1884), from his investigations on the mesenterial filaments of the Aleyonaria, follow 
the suggestions of Sedgwick and Caldwell, and compare the gastro-caelomic chambers of the 
Anthozoa with the ccelomie diverticula of the higher animals. On this theory the side of the 
Cerianthid polyp on which the sulcus and directive mesenteries are situated is regarded as 
anterior, while the side at which new mesenteries or segments are added is considered to be 
posterior. From the arrangement of the mesenterial musculature, Carlgren (1893) has shown 
that the suleus of Cer/anthus is situated at the op»osite extremity of the polyp from its position 
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in the Aleyonaria and Zoanthide. Jf the sulcar aspect in all Anthozoa except Cerianthus be 
conceived as ventral, then in the latter it will be dorsal as well as anterior, and the ventral or 
sulear aspect in other Anthozoa is posterior. It is shown later that the general succession of growth 
of the mesenteries in Madreporaria is also from the dorsal to the ventral aspect of the polyp, that 
is, they arise in an antero-posterior order. The septa have also been found to follow a like suc- 
cession. 

The relationships may be thus compared: 

Hexactinie, Zoanthese, Madreporaria ......--.------------------ Sulear =ventral=posterior. 
Sulcular=dorsal =anterior. 
Cenianthes "2 532 Seecce ots seat eee eee ear Sulear =dorsal =anterior. 
Sulcular=ventral=posterior. 

Where coral polyps present a definite relationship to the axis of a branch, as in most species 
of Madrepora, Oculina, and Cladocora, axial and abaxial positions are further determinable; and 
in the rounded colonies of Orbicella, Solenastrea, ete., inner and outer relationships, which 
correspond with axial and abaxial, are also distinguishable. Some importance underlies these 
determinations, for it will be found that the axial-abaxial and sulcar-sulcular relations are not 

“always the same in corals. 

The relationships of the strongly bilateral, radial polyps of J/adrepora to the axis of the 
colony may be first determined. The transverse section on PI. I, fig. 4, represents the polyp as 
situated in relation to the axis of the branch, but the lower side in the figure is inner or next the 
axis, and the upper is outer or turned away from the axis. Owing to the nariform growth of the 
corallite the skeletal tissue is more thickly developed on the upper than on the lower aspect. 
From the proportional development of the mesenteries, and the disposition of the longitudinal 
musculature, it is clear that the axial or inner aspect is the sulear, and the abaxial or outer aspect 
the suleular; or, in the terminology usually adopted, the former is ventral and the latter dorsal. 
The large anterior tentacle of Madrepora thus communicates with the sulcular, and the posterior 
tentacle with the sulcar entoccele. 

Wherever in other corals it has been possible to determine the sulcar-sulcular relationships, 
as well as the axial-abaxial, to the colony as a whole, it is found that the relationships prevailing 
in Madrepora are reversed. Thus on Pl. VIII, fig. 61, representing a bud of Cladocora with the 
protocnemes in the Adimards/a-stage, the sulcar aspect of the polyp is abaxial or outward, and the 
suleular is axial or inwards, in relation to the colony; similarly in fig. 62, representing another 
bud of the same species. In fig. 87, Pl. XII, taken from a young bud of So/enastrea, the sulear 
side of the polyp is again outward (abaxial) and the suleular is inward (axial). 

Dr. G. H. Fowler (1887), in his studies of Madrepora durvillei and I. aspera, was the first to 
determine the axial-abaxial relationships of the mesenteries in the genus, and the year following 
(1888, p. 12) he showed that it was directly the opposite of that occurring in Ser/atopora subulata, 
the polyps of which also permit of axial-abaxial determinations. The difference between J/adre- 
pora and other corals can best be appreciated by comparing the diagrams on page 445, 

Dr. Carlgren (1896) has shown that in colonial Zoanthidee the macro-directive mesenteries and 
the single gonidial groove are on the outermost side of the colony, or farthest from the mother 
polyp, while the micro-directive mesenteries and asulcular extremity of the stomodeum are 
toward the inner side of the colony, or nearest the parent polyp; the anterior (dorsal, asulcar) 
part is directed toward the axis of the colony, while the posterior (ventral or sulcar) is 
turned away from it (fig. c). The relationship of the individual polyp to the Zoanthid colony 
is therefore in strict conformity with that in Madreporaria, the genus J/adrepora excepted. 

The researches of Moseley, Hickson, and others on the Aleyonaria have also demonstrated 
that in this group the relationship of the polyp to the axis is the same as that in most Madre- 
poraria. The so-called ventral aspect (sulear) of the Aleyonaria is abaxial, the dorsal aspect 
(asulear) is axial (fig. @). 

The stage of mesenterial development with only four pairs of complete mesenteries usually 
serves the larve of Actiniaria and Madreporaria as a resting stage for a long period. Among 
the Actiniaria the only forms known in which the adult was thought to remain at this simple 
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stage are the Edwardsiw. The resemblance between the mesenteries characteristic of this group, 
and those appearing in the course of the development of the Actinian larvee, was recognized by 
Haddon (1889), and the stage was termed by MeMurrich (1889) the ‘* Edwards/a-stage.” The 
eight complete mesenteries, comprising two bilateral pairs (I, IL) and two pairs of directives 
(III, IV), are often spoken of collectively as the Edwardsian mesenteries. 

Until recently the adult Adwards7a was supposed to have no other than these eight complete 
mesenteries, and in this respect was considered to be one of the simplest of the Actiniaria. As 
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Fig. 4. 

Diagrammatic figures showing the relationship of the polyps to the axisin various colonial Anthozoa. The upperside of the figure issupposed 
to be toward the axis (axial) and the lower is away from the axis (abaxial). a, Madrepora. The sulear or ventral aspect of the polpy is 
axial and the suleular or dorsal is abaxial. (The upper of the two bilateral pairs marked V, Vshould have been VI, VI.) 6, Most other 
Madreporarian species. The suleular aspect is axial and the sulear abaxial. c, Zoanthids. The gonidial groove orsiphonoglyph is 
abaxial, and all the metacnemes (A-D) are added at thisaspect. d, Aleyonaria. The siphonoglyph is abaxial 


such it has been regarded by Boveri (1889) and MecMurrich (1891) as the starting point for the 

diverse modifications occurring within the different Actinian groups. Lately Faurot (1895), by 

making transverse sections through the uppermost region of the capitulum of Zdieardsia 

beautempsi, has shown that in this species sixteen and even twenty mesenteries are present, 

corresponding with the same number of tentacles. The eight additional mesenteries were found 

to be feebly developed, but arranged on the normal Hexactinian plan, and to extend vertically 
Vol. 8S—No. 7— 4 
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only for about half a centimeter. Four of these, along with the eight complete mesenteries, 
constitute the six pairs of protocnemes, while the remaining four represent a pair of metacnemes 
within each dorsal or sulcular exoccele. Notwithstanding this discovery, it is deemed convenient 
to retain the term ‘* Adwardsia-stage” for the condition in which only the first four protocnemic 
pairs are complete, whether other mesenteries are present or not. 

The fewness of the mesenteries in Porites and Madrepora readily permits of their vertical 
order of appearance and disappearance being followed in serial transverse sections, but the same 
can be carried out also in more complex, multicyclic forms. In species with a large number of 
mesenteries the pairs are developed from above downward, as in /or/tes and Madrepora, so 
that the greatest number of cycles occurs in the more distal region of the polyps, and the mem- 
bers of the last-formed cycles often traverse but a slight vertical extent, compared with that of 
the oldest cycles. During the development of the mesenteries it is found (p. 454) that while 
the first two or three pairs arise at or near the uppermost extremity of the polyp, that is, around 
the oral aperture, the later pairs first appear some distance down the column wall, thence grow 
in both directions, upward and downward. 

The mesenteries in adult corals as a rule terminate before the lower aboral extremity of the 
polyp is reached, hence this region is altogether unoccupied by any of the polypal tissues, except 
those lining the skeleton (Pl. LX, fig. 67). The organs rarely occur below the upper half or two- 
thirds of the vertical height of retracted polyps. Below, however, the septal invaginations 
extend farther centrally than above, and the skeletotrophic endoderm becomes enormously 
thickened, so that aborally the ccelomic cavity is greatly diminished in extent. 

The restriction of the mesenteries in corals to the upper regions of the polyp should be 
compared with the extent of their course in Actinians. Here the principal mesenteries usually 
traverse the whole length of the column wall, and then extend across the basal disk toward the 
center, where they often meet. On the other hand, it must be remembered that the aboral 
extremity of the Madreporarian polyp does not altogether coincide with that of the Actiniarian 
polyp. In the former, part of the basal disk is greatly invaginated, and its peripheral border, 
where it passes into the column wall, is raised much above the actual extremity of the polyp. 

Perithecally the mesenteries may extend the full length of the column wall or edge-zone 
(Orbicella, Solenastrea, ete.), or may terminate in advance of it (Oculina). In the latter case 
the attachment to the skeletotrophic tissue may be the first to cease, that on the column wall 
remaining, or the columnar attachment may be the first to disappear. In Cladocora the 
mesenteries rarely extend in a complete manner the whole length of the peripheral chambers, 
the skeletotrophic attachment ceasing first (Pl. VII, fig. 54). 

The mesenteries in S/derastrea are characterized by a peculiar resorption of the peripheral 
extremities, so that in the more central part of the polyp the organs extend much farther 
vertically than in the peripheral region (Pl. XXIII, fig. 153). 

The polyps available are generally so small as not to permit of the mesenteries being 
readily dissected out and viewed as a whole; but in serial transverse sections no interruptions 
suggestive of mesenterial stomata have been encountered. Hence there is good reason to 
suppose that mesenterial stomata are absent from Madreporarian polyps. The continual growth 
upward of the polyp, and the resorption of the mesenteries below, characteristic of most 
species, would in all probability preclude the formation of such characteristic Actinian features. 


MESENTERIES IN GENERA REPRODUCING BY BUDDING. 


The adults of all other polyps here described are provided with a greater number of pairs 
of mesenteries than the primary six of Porites and Madrepora. In the genera Orbicella 
(p. 423), Solenastrea (Pl. X1), Oculina, Siderastreea (Pl. XXIII), Cladocora (Pl. V1), Astrangia 
(Pl. VI), and Phyllangia (p. 464), which reproduce asexually by budding, the mesenteries are 
arranged in alternating hexameral cycles, and vary in size according to the cycle to which they 
belong. The designation ‘‘cycle” is employed to include all the mesenteries having the same 
radial extent, while the term ‘‘order” has reference to mesenteries which appeared at or about 
the same time; the first has reference to their insertion on or distance from the stomodzeum, and 


MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 447 


the second carries with it a developmental significance. Thus the members of the first order 
always appear before those of the second, the second before the third, and so on. Should the 
first cycle consist of twelve mesenterial pairs, as is sometimes the case, it represents the first and 
second orders. The members of the first order are known as primaries, the members of the 
second order as secondaries, the members of the third order as tertiaries, and so on. 

In the genera above mentioned the first order or cycle of six pairs (protocnemes) includes 
the same mesenteries as those present in Porites and Madrepora; but usually all the pairs are 
complete and equal, and in each case they include two pairs of directives—sulcar and sulcular, 
which are bilateral, and situated at opposite extremities of the polyp; the other four protocnemic 
pairs, notwithstanding their origin as bilateral pairs, are now regarded as four unilateral pairs, 
two on each side, the retractor muscles of each pair being on the faces turned toward one another. 

The second order of mesenteries in adult polyps also consists of six equal unilateral pairs, 
alternating with the pairs of the first order, and situated within their exoccelic chambers. In 
some cases the pairs of the second order may become complete throughout the whole or part of 
the extent of the stomodzum, as in the large polyps of Orbicella cavernosa; or some of the pairs 
of the cycle may be complete and the others remain incomplete, as in the polyp of Phyllangza, 
represented on p. 464. 

When fully developed, the third otder of mesenteries comprises twelve unilateral pairs, 
within the exocceles formed by the pairs of the first and second orders. The fourth order of 
mesenteries would contain twenty-four pairs, the fifth forty-eight, and so on, the mesenteries 
of the newer cycles always occurring in unilateral pairs within the exoccelic chambers of the 
previous pairs. The fourth-order mesenteries, however, never appear in any of the species here 
studied, except in P/yllangia, where occasionally a few members may occur (p. 465). Very 
often the mesenteries present in any mature polyp may be such as to leave the last cycle without 
the full number of pairs necessary to complete the hexameral sequence. 

Although in the adult polyp the metacnemic pairs belonging to any cycle are approximately 
equal in size, it by no means follows that they were simultaneously developed, any more than in 
the case of the pairs of protocnemes; indeed, all the evidence from young polyps goes to show 
that the mesenteries arise successively. The order of appearance of the metacnemes is fully 
referred to on p. 455, ef. seq. 

The mature polyps of the species belonging to the genera enumerated contain, within narrow 
limits, a definite number of mesenterial pairs, which is characteristic of the species. As above 
mentioned, this number may or may not complete the hexameral multiple, so that the last cycle 
commenced may not be continued all the way round. 

Increase in number does not continue indefinitely. Orbicella acropora has usually twelve 
pairs of mesenteries, six complete pairs of protocnemes, and six alternating incomplete 
metacnemes; 0. radiata contains twenty-four pairs, the twelve pairs of the first and second 
orders complete and otherwise equally developed, and the twelve pairs of the third order 
incomplete (fig. 1, p. 423); the conditions are the same in Q. cavernosa. The mesenteries of 
Solenastrea and Oculina are, like those of OQ. acropora, usually twenty-four in number, six 
pairs complete and six alternating pairs incomplete (Pl. XI, fig. 81). 

Astrangia solitaria exhibits six pairs of complete mesenteries, and within each primary 
exoceele of adult polyps a pair of incomplete mesenteries always occurs, and in some instances 
two or three pairs (p. 463). In this latter case one of the pairs is slightly larger than the other 
and belongs to the second cycle of six pairs, while the smaller pair represents all that is yet 
developed of the third cycle; but in no instance has the full complement of twelve pairs consti- 
tuting the third cycle occurred. In the closely allied species, Piylangia americana, the number 
of mese iteries is always greater; but here also the incompletion of the final cycle of twelve 
pairs is very general. In one polyp sectionized transversely (p. 464), ten pairs of mesenteries 
reach the stomodeum. These consist of the six protocnemie pairs and four of the first-cycle 
metacnemes, the remaining two of this cycle not having yet reached the stomodeum. In the 
uppermost stomodeal region, however, one of the pairs becomes complete. An alternating cycle 
of twelve incomplete pairs occurs, but one or more pairs may be rudimentary or absent. 
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The adult polyps of Cladocora arbuscula always contain six pairs of complete mesenteries, 
constituting a first cycle, and six alternating pairs which remain incomplete and form a second 
cycle. Representatives of a third cycle are usually developed, but instead of consisting of twelve 
pairs, one in each exocceele between the previous twelve pairs, only four or six pairs are usually 
present, all on the same aspect of the older pairs (PI. VI, tig. 49). Earlier stages in the develop- 
ment reveal that this is probably the sulcar aspect of each system (p. 458). 

In Siderastrea radians six pairs of complete mesenteries are present, along with six 
alternating incomplete pairs, and a few pairs belonging to the third cycle may also occur; 
usually the third-cycle pairs are radially shorter than those of the second cycle, but at other times 
they nearly equal them in size. In the larger species, S. s¢derea, though more members of the 
third cycle are present, the whole twelve pairs necessary to complete the cycle are rarely present 
(Pl. XXIII, fig. 153). 

The polyps of the seven genera described, all produced asexually by the process of 
gemmation, are thus characterized by the very regular disposition of the mesenteries in 
alternating hexamerous cycles. The first and second cycles are fully developed in all the adult 
polyps, while the third cycle may be only partly formed, but so far as it goes the members 
alternate regularly with the other pairs, according to the order of appearance established on 
p: 455 ef. seg. In all the polyps two pairs of directives occur in the first cycle. So far as the 
mesenterial arrangement is concerned, there seems no difference between a polyp originating as a 
bud and one derived from a sexually produced larva; both follow the normal hexactinian plan. 

Only the members of the first and second orders ever become inserted on the stomodseum 
in the species studied. The later orders never become complete, but retain a definite size 
characteristic of the species. 


MESENTERIES IN GENERA REPRODUCING BY FISSION. 


The asexual reproduction of the following genera takes place mainly, if not entirely, by 
stomodieal fission: Ayaricia, Lsophyllia, Dichocenia, Favia, Manicina, Meandrina, and Colpo- 
phyllia. In the first four the polyps so produced may become more or less distinct from 
one another, each with its own system of tentacles and a column wall; in the remaining genera 
the separation is incomplete, and meandering discal, tentacular, and columnar systems are pro- 
duced in place of distinct polyps, and only exceptionally are transverse walls developed, 
which separate one series of oral apertures from another. Sections haye been made through 
polyps of each of the above genera, and reveal a mesenterial arrangement very different from 
that already described for genera where asexual reproduction by gemmation is the rule. 

Transverse sections through two polyps of Agaricia fragil/s are represented on Pls. XXIV 
and XXV, while the arrangements of the mesenteries of two different polyps of /sophyll/a are 
diagrammatically shown on next page. Fundamental differences are at once apparent, compared 
with the mesenterial plans already described. No directive mesenteries occur in these nor in any 
of the other examples studied Very rarely the number of complete pairs may be six, but is usually 
irregular, while the incomplete mesenteries vary greatly in number, size, and relation to the 
complete pairs. The hexameral plan is altogether departed from, and each stomodeeum may have 
from ten to twenty-five complete mesenteries associated with it. A regular alternation of second 
and third cycle mesenteries is found in only one or two places, as at the upper right-hand region 
of fig. 4; here and there a single unpaired mesentery may occur within an exoceele. Of the many 
polyps of each species examined no two display exactly the same number and relationship of the 
mesenteries. 

A like absence of hexameral, or any other, regularity occurs in the polyps of Dichocania 
and /iweia (Pls. XUT and XVI). Transverse sections reveal a variable number of pairs of 
perfect mesenteries from four upward, according to the size of the polyp, while the 
alternating incomplete pairs are rarely the same in number and size in any two exoceeles, and no 
directives occur. 

In sections of mature colonies of Wan/e/na arcolata only two series of mesenteries can be 
generally distinguished, complete and incomplete, the latter rarely affording evidence of alternating 
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second and third cycles. The number of mesenteries associated with the stomodieal systems is 
very variable, and in any colony, however large, there are probably only two pairs of directives, 
situated at what may be regarded as the morphological extremities (p. 507). 

Compared with the cyclical complexity in Fuvia, Manicina, ete., the mesenteries of 
Meandrina and Colpophyllia exhibit a remarkable simplicity of arrangement (Pl. X XI, fig. 
141). Practically all the pairs are complete, and may be regarded as belonging to a single order; 
here and there alternating incomplete pairs are met with, but it is impossible to establish a 
regular succession of complete and incomplete pairs. Never more than one or two alternations 
occur together, while frequently six or seven consecutive complete pairs may be passed in review, 
all apparently of equal value, and all bearing filaments. The incomplete pairs in all probability 
represent new pairs in process of development, which wiil ultimately become complete like the 
rest. From eight to sixteen mesenteries may be inserted on each stomodeeum, according to the 
size of the oral aperture; apparently there is no regularity in the number of mesenteries which 
upon fission may be apportioned to each daughter stomodeum. In the living colony a small 
oral aperture with only seven or eight complete stomodzal ridges, representing so many mesen- 
teries, may appear as if just cut off from another large aperture with a dozen or more stomodeal 
ridges. 


a. t. 


Fie. 5. 
Tsophyllia dipsacea.—Diagrammatic representation of the mesenteries in two polyps. The hexameral plan is departed from, the cyclic 
character is irregular, and no directives occur. 


The mesenterial development of J/anicina has been traced from polyps with only one oral 
aperture to small colonies with four stomodeal systems (p. 503, ef seq.), and similar early stages 
have been followed in Fuwa (p. 508, cf seq.). It is found that in simple polyps with only one oral 
aperture the hexameral cyclical character of the mesenteries is as regular as in any other 
sexually-produced polyp, or in adult polyps where columnar budding predominates; two pairs 
of directives also occur. It is only after fission has been established that irregularities begin 
to appear, and the hexameral plan is altogether lost. The subject of polypal fission is fully 
described, and from the manner in which the process takes place it can be easily understood 
how the above mesenterial irregularities come to be established. 

It may therefore be taken asa general rule among corals reproducing by fission, that whether 
they give rise to distinct polyps, or form meandering systems, their mesenteries tend to lose the 
hexameral cyclical arrangement characteristic of the earliest stages, and probably never more 
than two primary pairs of directives are found in any colony, however large. Where the fission 
polyps are distinct, a cyclical disposition continues to be more or less recognizable, but where 
complex meandering systems are formed only a single order, including some developing pairs, can 
be established. 
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The results on the mesenterial arrangement in adult coral polyps may be thus summarized: 
The mesenteries in gemmiferous genera are regularly hexamerous, arranged in one, two, or 
more alternating cycles, and two pairs of directives are present; fissiparous genera are deyoid of 
any hexameral mesenterial plan, are imperfectly multicyclic or acyclic, and without directives. 
Only the members of the earlier cycles become inserted on the stomodzeum in the former, while 
apparently any of the pairs may become complete in the latter. 


DEVELOPMENT OF PROTOCNEMES. 


Cael 


From the time of the publication of the classic researches of Lacaze-Duthiers (1872-73 
onward, numerous embryological studies, upon both Actiniarian and Madreporarian polyps, 
have demonstrated that the twelve primary mesenteries always arise in bilateral pairs, but in an 
order which seems to vary somewhat in different species. The results of Lacaze-Duthiers were 
obtained by observation of the external appearances, apparently without confirmation by means 
of sections, while the latter has been the method more usually followed in later investigations. 

In the Actinian larvee studied by him, Lacaze-Duthiers found that the first mesenterial pair 
divided the ccelenteric cavity into two unequal compartments, known as dorsal and ventral. The 
second pair appeared in the larger or dorsal of the two chambers, cutting off a middle chamber; 
then within the primary smaller or ventral chamber the third pair was developed. According 
to Lacaze-Duthiers, the fourth pair appeared between the first and second pairs; but in most 
subsequent researches, among which are those of H. V. Wilson on the coral Janicina areolata, 
J.P. MeMurrich on the Actinian Phodactis sancti-Thomex, and G. yon Koch on Curyophyllia 
cyathus, the fourth pair has been found to appear in the dorsal chamber beyond the second pair, 
and its members become the dorsal or sulcular directives. The fifth and sixth pairs were found 
to arise nearly simultaneously within the middle and ventro-lateral chambers on each side. 

According to the Hertwigs (1879), the fifth and sixth mesenterial pairs arise in Adamsia 
diaphana on opposite sides of the polyp between the first and second pairs. This has also been 
confirmed by Boveri (1889). In the light of subsequent results, such a condition must undoubt- 
edly be looked upon as exceptional, having been met with in no other species, while the number 
of forms in agreement with the relationships given above is continually increasing in the Acti- 
niaria,and is the only sequence yet met with in the Madreporaria. Appell6f (1900), in connection 
with his studies on the development of Urtic/na crass/cornis and Actinia equina, discusses at 
some length the conclusions of Lacaze-Duthiers and later writers with regard to the mesenterial 
sequence of the primary eight mesenteries. In contradistinction to the successive development 
which Lacaze-Duthiers describes for A. eguina, Appelléf found that the first eight mesenteries 
appeared for the most part simultaneously, and doubts the possibility of the order of appearance 
being determined by external observation alone without the assistance of sections. Sometimes 
only the strongly developed ventro-lateral pair of mesenteries would be visible from the outside, 
while transverse sections would demonstrate four pairs. His results on U/rticina showed consid 
erable variability in the mesenterial sequence. Reviewing the statements of different Actinolog- 
ical writers with regard to the appearance of the primary mesenteries, Appelléf (p. 55) comes to 
the conclusion: ‘‘Es ist wenigstens auf Basis des yorhandenen Materiales unméglich eine 
bestimmte Regel auszufinden.” 

In comparison with the variable results obtained in the Actinize the protocnemic sequence in 
the Madreporaria appears to be very uniform. 

Two most complete series of stages in the development of the protocnemes of Madreporarian 
polyps are already known, thanks to the labors of Prof. H. VY. Wilson and Prof. G. von Koch. 
The former (1888) has traced their appearance in the West Indian coral, Manéeina areolata, from 
the stage in the larva with but one pair of mesenteries to the young polyp with three cycles of 
mesenteries. His results as to the first cycle conform with those of Lacaze-Duthiers on various 
Actinian types, the second and fourth pairs being transposed. 

G. yon Koch (1897) also describes and figures the order of development in Caryophyllia 
cyathus, from the stage with two pairs of mesenteries to the completion of the first cycle. In 
this species the order of appearance, subsequent development, and union with the stomodeum 
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of the srx pairs are in perfect agreement with Wilson’s results. The arrangement on the com- 
pletion of the six pairs represented in von Koch’s fig. 1 exactly corresponds with that of the 
adult Madrepora and Porites, that is, four pairs are complete and two pairs incomplete. 

My own results upon the larvee of Mancina arcolata, so far as they go, conform with those 
of Wilson. Stages with from three to six pairs of mesenteries have been obtained, the last (PI. 
XIX, fig. 135), exactly reproducing the conditions of Koch’s figure of Caryophyllia. The 
young polyps of Manécina remained for a week or two at the Hdwardsia-stage, the first cycle of 
septa arising in the meantime. (See also p. 503.) 

The various stages secured in the course of the development of Fuvia fragum serve to sup- 
plement the results of Wilson and yon Koch on the two corals mentioned (Pls. XHI-XV, and 
p- 508). The earliest stage (fig. 112) is from non-extruded larve obtained from a decalcified 
colony. Three pairs of mesenteries are present, but only one of the pairs is yet complete, and 
this divides the ccelenteric cavity into two unequal chambers. In the larger or dorsal chamber 
a second pair of mesenteries occurs, the members of which, although incomplete, bear rudimen- 
tary mesenterial filaments. In the smaller ventral chamber the merest rudiments of another 
mesenterial pair are also seen. The middle pair, as is generally the case in Actiniarian and 
Madreporarian larve, extends almost the whole length of the cavity, the filaments being strongly 
developed all the way. The dorsal pair terminates some distance in advance of the aboral end, 
while the ventral pair has a very restricted course, disappearing vertically before the inner end 
of the stomodeum is reached, and centripetally never extending beyond the endodermal 
layer. Clearly, from the proportional extent of their development, both radially and vertically, 
the mesenteries have not appeared simultaneously, but represent the first, second, and third 
bilateral pairs in the sequence. 

Sections of Fava larve which had been extruded for six hours reveal the next stage (fig. 
113). Two pairs of mesenteries are here united with the stomodeum, and, by comparison with 
the previous figure, the additional complete pair is evidently the dorsal—the second in the mesen- 
terial sequence. The ventral pair is scarcely better developed than in the former polyp, 
but in sections immediately below the stomodeum a new pair—the fourth—has appeared at the 
other extremity of the polyp, and dorsal to the second pair. A few sections below this are found 
the rudiments of another pair, situated between the first and second pairs (fig. 114). These rep- 
resent the fifth pair in the mesenterial order and traverse only a few sections. As yet there 
are no indications of a corresponding pair between the first and third pairs. 

Sections of another larva extruded at the same time present the conditions represented in 
fig. 115. The first three pairs now extend as far as the stomodeum, though the third pair ceases 
its connection in advance of the others. The fourth pair is more strongly developed, and 
rudiments of the fifth pair also occur at the stomodzal level, but are stronger below, where also 
an additional pair—the sixth, situated between first and third, is apparent (fig. 116). Incipient 
mesenterial filaments are present on the members of the third pair, while on the second pair they 
are fully developed, but do not extend so far as on the first pair. 

Finally, in larve which had just settled, four mesenterial pairs have become complete, 
and the fifth and sixth pairs are well developed in the upper part of the column, but remain free 
from the stomodeum (fig. 105). All the complete pairs are provided with mesenterial filaments. 

The series presented thus demonstrates that in regard to their proportional growth, both 
vertically and radially, the time of union with the stomodeum, and the appearance of the 
mesenterial filaments, a definite bilateral sequence is followed in the development of the 
protocnemes. The result is as follows: 

(a) The first pair becomes the dorsal moiety of the ventro-lateral pair of mesenteries on each 
side of the adult polyp. 

(b) The second pair becomes the dorsal moiety of the dorso-lateral pairs of the adult polyp. 

(c) The third pair forms the ventral directives. 

(d) The fourth pair constitutes the dorsal directives. 

(2) The fifth pair becomes the ventral moiety of the dorso-lateral pair of mesenteries on each 
side of the polyp. 
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(7) The sixth pair becomes the ventral moiety of the ventro-lateral pairs of mesenteries on 
each side of the polyp. 

Among the many larvee sectionized very few irregularities have been met with. Sometimes 
one member of a pair will appear in advance of the other; in one larva only five complete mesen- 
teries occurred, one member of the third pair having lagged behind. A young polyp settled for 
some time still presented only three complete pairs along with three incomplete pairs. 

Although none of the other larvee which have been studied present so complete a series as 
F. fraguin, yet all the evidence from them goes to support the sequence just established. They each 
represent iva at one or other of its developmental phases. Newly-hatched larvie of /sophyllia 
dipsacea contain three pairs of mesenteries, the pairs differing greatly in the extent of their 
development (Pls. XVII, XVIII). The middle pair again extends nearly the whole length of the 
larva, and bears filaments which are strongly developed, especially at their lower extremity. Of 
the two smaller pairs, one is very rudimentary, while the other extends a short distance below the 
stomodeum. The stage very closely corresponds with that in the earliest available larva of 
JE Fragum (fig. 112). 

The non-extruded larvee of Portes clavaria also reveal a phase with three pairs of mesente- 
ries, while the mature polyps never get beyond the mesenterial stage with four pairs complete 
and two pairs incomplete—a stage represented by 7! fragwin at the time of fixation. 

The larve of Agaricia agaricites on extrusion already possess the six pairs of primary 
mesenteries, all extending nearly the full length of the larva, but only the first four pairs are 
united with the stomodeum (Pl. XXV). Below the stomodeal region all the twelve mesenteries 
also bear well-developed mesenterial filaments. In this species, then, the stage reached by 
the larva on hatching is directly comparable with that in Hawa fragun, Manicina areolata, and 
Caryophyllia cyathus at or about the time of fixation, as well as with the adult polyps of Por/tes 
and Madrepora. 

The earliest larvee of S/derastrea radians sectionized reveal eight mesenteries arranged in 
four bilateral pairs. The two lateral pairs, representing the first and second in the sequence, are 
united with the stomodeum, while the dorsal and ventral axial pairs, representing the directives, 
are free. Of the two directive pairs, the ventral pair (III) is slightly larger than the dorsal pair 
(IV), and in larva a little older the former becomes united with the stomodzxem, while the latter 
is still free. In larvee of about this age the fifth and sixth pairs make their appearance, and the 
dorsal directives uniting with the stomodeum the larva has reached the Adiardsia-stage of 
mesenterial development. At about this stage the larva undergoes fixation. Filaments do not 
appear on any of the mesenteries until their connection with the stomodeum has been fully 
established, but in most other species they are formed while the mesentery is still free. 

The order of appearance and subsequent development of the primary twelve mesenteries, 
within the sexually produced laryee and young polyps of the Madreporaria, thus appears to be 
very uniform, for no exception to the sequence first established by Wilson and yon Koch has yet 
occurred. In the extent of its development, and also in its strong mesenterial filaments, the first 
pair to arise usually assumes predominance, and retains it until most of the other mesenteries 
become fully established. While the second and third pairs are scarcely apparent the first pair 
may have grown nearly the full length of the larva, each member tipped with the mesenterial 
filament all the way. The second, third, and fourth pairs follow one another in regular succes- 
sion, uniting with the stomodeum in the order of their appearance. 

In most Actinological studies the fifth and sixth pairs are stated to arise simultaneously, and 
H. V. Wilson observes the same for Mancina. Though such may often be the case, instances 
occur in which one pair appears in adyance of the other, and where the same pair becomes united 
with the stomodeum before the other. Young polyps of a Sagartia from Beaufort, for which 
Tam indebted to Dr. C. Grave, all show in section that the bilateral pair between the first and 
second Edwardsian pairs becomes inserted on the stomodzeum in advance of the pair between the 
first and third Edwardsian pairs. Another such instance occurs in the bud polyp of Cladocora 
arbuscula, represented in transverse section on Pl. VIII, fig. 60. The polyp was preserved in 
a fully distended condition, the disk protruding in a cone-like manner above the zone of tentacles. 
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Transverse sections through the discal cone reveal five pairs of complete mesenteries, without any 
indications of others. The musculature is yet too feebly developed to allow of the paired charac- 
ter of the mesenteries being established by this means alone, but the larger interspaces and the 
examination of lower sections prove that the enumeration added is correct. In addition to the 
four Edwardsian mesenteries, the bilateral pair between the first and second pairs is complete, 
while the pair between the first and third, to be seen in the sections below, is still incomplete. 
In sections through the actual column wall, below the stomodal region, the six pairs of protoc- 
nemes are equal in radial length, and six alternating pairs of metacnemes occur, the sulear mem- 
bers a little in advance of the sulcular. In this instance the fifth pair is again complete before 
the sixth, and the first cycle of metacnemes is established before all the protocnemes are united 
with the stomodeum. In the bud of Astrang/a, represented on p. 460, fig. 87, the fifth mesentery 
on the right side is completed before the one on the left side. 

In the section of the larva of Fuvia fragum, represented in fig. 114, the pair between the 
first and second Edwardsian pairs is already represented on the larval wall, some distance below 
the stomodzeum, by small mesogleal enlargements, but no trace of any such enlargement yet 
occurs between pairs I and III, where the sixth pair will be situated (cf fig. 116). 

From these examples there can be no doubt that though the fifth and sixth pairs may at times 
appear simultaneously, yet at other times an interval occurs. The pair of mesenteries between 
the first and second protocnemic pairs is to be regarded as the fifth in the sequence, and the 
pair between the first and third as the sixth or last in the development of the protocnemes. The 
enumeration of these two pairs in H. V. Wilson’s figures of the mesenteries in an attached larva 
of Manicina (Pl. V, fig. 39) should therefore be reversed. 

In all the instances yet referred to, the fifth and sixth mesenterial pairs remain free from the 
stomodzeum, and in numerous cases it has been found that this condition is retained for a very 
lengthened period. In young polyps of 8. radians completion was not attained within the course 
of four months, though the second cycle of mesenteries had appeared in the meantime. Likewise 
in the young polyp of /. fragum, with four pairs of metacnemes, they are still free (Pl. XIV, 
fig. 109). All coral larvee appear to settle at or about the Adwardsia-stage, and the septa then 
begin to make their appearance. 

No important resting stage, in the appearance of the protocnemes, seems to be indicated in 
any of the investigations yet conducted on the Madreporaria, though the comparatively strong 
development of the first pair must not be overlooked. With this possible exception, the develop- 
ment from the first to the sixth pair progresses with uninterrupted regularity, and the same may 
be said of the further growth of the first four pairs, as concerns their union with the stomodeum, 
but a prolonged interval separates the further development of the fifth and sixth pairs. Lacaze- 
Duthiers and others have endeavored to establish several resting stages in the appearance of the 
six pairs of primary mesenteries of the Actiniaria, but the Madreporaria afford little support for 
such. 

The incompletion of the fifth and sixth protocnemic pairs is permanent in certain Zoantharia, 
and therefore this condition can not necessarily be looked upon as a developmental resting stage 
inthe sense of Lacaze-Duthiers. Wherever these pairs appear in the Actinian family Edwardside, 
they remain free from the stomodseum, and the same relationship holds for Gonactin/a, ete. 
Throughout the Zoanthe the fifth pair remains incomplete, and the sixth pair becomes complete 
only in macrotypic members of the group. In the West Indian A/ptasia annulata (Les.). I have 
found the pairs to remain free for the most part, although the second, third, and fourth orders of 
mesenteries were fully developed. They remain permanently free in Madrepora and Porites, even 
when an increase beyond the usual twelve takes place. Numerous other instances may be cited, 
all tending to show that some significance attaches to the incompletion of the fifth and sixth 
protocnemic pairs, as compared with the completion of the other four bilateral pairs. It is not 
merely a lagging behind in growth due to their later appearance. 

My studies lead me to believe that the earliest corals and Actinians were characterized by 
anisocnemic pairs (excepting the directives), as compared with the isoenemic pairs of later corals 
and Actinians. To-day, the former condition is retained in the Zoanthids, and in Por/tes and 
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Madrepora, and as regards the protocnemes it persists for a long time in the growth of all others. 
The union with the stomodeum of the fifth and sixth protocnemic pairs is assumed after a time 
by forms characterized by cycles of isocnemic mesenteries; but they remain incomplete in Actin- 
ians and corals (Zoanthids, Porites, Madrepora) characterized by anisocnemic pairs throughout. 
Perhaps an earlier phylogenetic stage is represented by the Cerianthids and Aleyonarians, in which 
the incomplete moieties altogether fail to appear. 

Much difference is apparent as regards the position at which the mesenteries first make their 
appearance. The first two or three pairs seem to arise in the angle between the stomodeal wall 
and the outer wall of the larva, and then to grow in both directions—that is, down the stomo- 
deal wall and the larval body wall, the latter extension being the more rapid. This is very 
clearly shown in the figure of the living larva of /sophyl/ia, and in the sections through the oral 
region (Pl. XVII). While the members of the middle pair extend all the way down the 
stomodeal wall, and nearly as far as the aboral pole of the larva, the two smaller pairs pass 
scarcely at all down the stomodeum, and only fora short distance along the laryal wall. The three 
first mesenterial pairs in /uv/a probably arise in the same circumoral position, but the fourth 
pair is first apparent on the larval wall a little below the stomodeum (Pls. XIV, XV), and the 
fifth and sixth pairs arise still farther down. 

Early bud polyps of J/adrepora also illustrate the same relationship (PI. 111). Here the 
four primary mesenterial pairs are seen in the angle between the outer wall of the bud and the 
stomodeal wall. They extend the whole length of the stomodzeum, and for some distance along 
the outer ccenosareal wall. On the other hand, the rudiments of the fifth and sixth pairs are 
first seen on the outer wall, some distance removed from the oral aperture. 

Probably in most Actiniaria and Madreporaria the fourth, fifth, and sixth protocnemic pairs 
arise independently of the stomodeum, and some way from the oral pole. When the appearance 
of the tentacles has established the topographical regions of disk and column wall, the metacnemic 
pairs are also found to arise somewhere on the latter, usually nearer the oral than the aboral 
extremity. Only later do they grow upward, and then inwardly along the discal wall, and in 
most cases ultimately reach the stomodzeum and extend down it. 

A marked distinction may thus be established in the place of origin of the different mesen- 
terial pairs, the distance from the oral apertures varying with the relative age of the mesenteries; 
the earliest pairs arise circumorally, the later pairs are some distance removed. This further 
supports the contention that the Anthozoa are not primitively cyclical forms, but suggest an 
ancestry in which the organs appeared bilaterally, in an antero-posterior succession. 

Several early stages, obtained in the development of bud polyps, suggest that in the asexual 
method of increase there is the closest agreement in the order of appearance of the mesenteries 
with that above described for the sexually produced polyps. The earliest stages have not been 
secured, and the evidence is therefore not so complete as in the larvee. The youngest bud is one 
of Cladocora arbuscula, in which eight protocnemes are already present, all united with the 
stomodeum. Shortly below the stomodeum only four mesenteries remain, and bear mesenterial 
filaments; then two of these disappear, and the remaining couple are continued much farther, and 
bear filaments almost to their termination. The musculature at this stage is too weak to permit 
of the actual arrangement in pairs being determined by means of it, but from the greater length 
of one pair of mesenteries, and the stronger development of its filaments, it may reasonably be 
assumed that it represents the first pair of mesenteries, and that the order of disappearance of 
the others indicates their successive origin. 

In other buds of Cladocora examined, all the protocnemes are already developed, the 
Edwardsian mesenteries complete, and the fifth and sixth pairs incomplete, just as in larvee at or 
about the time of fixation (Pl VIII, fig. 61). Buds of Solenastrea have also been secured, in 
which only four pairs of mesenteries are complete and bear mesenterial filaments, while the two 
incomplete pairs are without filaments, and disappear in advance of the other mesenteries (Pls. 
XI and XII). The bud polyp of Astrangia, whose mesenterial plan is represented on p. 460, 
indicates a somewhat later stage. In the very early bud of JMJadrepora, already referred to, all 
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the protocnemes are present, but their relative sizes are in conformity with those of the buds of 
Cladocora and Solenastrea, and may indicate a like successive origin. 

Summarizing, we find: (1) That the twelve protocnemes arise as six bilateral pairs in a defi- 
nite sequence, which is probably the same throughout the Madreporaria, and conforms with that 
characteristic of most Actiniaria. (2) The first two or three pairs arise at the angle between the 
stomodzeum and the larval wall, while the later mesenteries first appear on the column wall, some 
distance from the oral aperture. (3) Two pairs of directives are always present, formed from 
the third and fourth pairs of the mesenterial sequence. (4) The first four pairs unite with the 
stomodxum in the order of their appearance (d@wardsia-stage), and a long interval elapses 
before the fifth and sixth pairs become complete; the fifth pair may develop somewhat in advance 
of the sixth pair. In some cases the fifth and sixth pairs are permanently incomplete. (5) The 
development of the protocnemes in asexually produced buds is in close agreement with that of 
sexually produced polyps. 


FIRST CYCLE OF METACNEMES. 


While much attention has been given to the order of appearance of the six pairs of protoc- 
nemes in the Madreporaria and Actiniaria, comparatively few observations have been recorded 
with regard to the order of development of the pairs of metacnemes. For the Madreporaria, 
the establishment of the latter becomes a matter of great importance, seeing that upon it is 
dependent the order of appearance of the septa, a question already much discussed by students 
of the hard part of corals, but with varying results. 

The transition from the protocnemic to the metacnemic stage of Anthozoan development is 
one of the greatest morphological significance. Lacaze-Duthiers (1872) was the first to realize 
this in the Actiniw, and in his résumé of the development of Actinéa equina (p. 362) he writes: 

**Le nombre, la grandeur, la position et la symmetrie des parties ne sont pas determines par 
les memes lois & toutes les epoques. Ainsi la loi qui préside 4 la multiplication des parties depuis 
Vorigine jusqw’ au nombre douze, n’est pas la méme que celle qui régit la multiplication aprés 
que ce chiffre est atteint.” 

As regards sexually produced coral polyps, no previous accounts of the actual order of appear- 
ance followed by the metacnemes are available. The embryological observations of Lacaze- 
Duthiers, von Koch, and Wilson, so far as concerns the polyps themselves, practically cease with 
the protocnemic stage. Wilson describes the mesenterial condition in young polyps of Manicina, 
but gives no account of the sequence according to which the stages have been reached. 

I have been fortunate in rearing young polyps of Siderastrea radians as far as the 
completion of the first cycle of metacnemes, and the various stages in the appearance of the 
latter have been obtained. Full details will be published later, but the diagrammatic figs. 6 (ac) 
indicate the actual results. The polyps at fixation contained only the six pairs of protocnemes, 
as usual, four pairs complete and two pairs incomplete. The fact that the protocnemes retain 
this proportional development enables the dorsal and ventral, or suleular and sulear aspects, to be 
determined. The polyps remained thus for about a month, the first and second cycles of tentacles 
appearing in the meantime; then, in the largest specimens, a mesenterial pair was observed 
within the dorsal exoccele on each side, situated toward the aboral region of the column. A few 
days afterwards, a similar mesenterial pair appeared within each of the middle exoccles, the 
dorsal pairs at the same time extending higher up the column. Later, a mesenterial pair was 
formed within each of the ventral exocceles; so that six new isocnemic pairs were now present, 
diminishing in vertical and radial length from the dorsal to the ventral side of the polyp, 
according to their order of appearance. The fifth and sixth protocnemic pairs remained 
incomplete throughout. 

The six unilateral pairs of mesenteries, of three different sizes, continued their growth par? 
passu with that of the polyps as a whole, and when the latter were about three months old became 
nearly equal in size, constituting a distinct second cycle. ‘In time, the mesenteries, growing both 
upward and downward, extended the full length of the column and partly across the disk, but in 
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no instance did they stretch wholly across, and become united with the stomodeum. Subsequent 
examination, by means of sections, showed that in each pair the retractor muscles were disposed 


on the faces turned toward each other, thus resembling the unilateral pairs of the first cycle. 
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Q. is 
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FiG. 6. 
Siderastrxa radians.—Three diagrammatic figures illustrating the order of appearance of the first cycle of metacnemes in larval polyps. 
The Roman numerals I are opposite the protoenemic pairs, and the letters A-C indicate the succession of the metacnemes. 


While the actual mode of appearance of the mesenteries could be thus followed step by step in 
Siderastrea, young polyps of Furia fragum were obtained with the mesenterial conditions shown 
on pp. 509, 510, and from these certain conclusions are warranted. Four pairs of second-cycle mes- 


enteries are present in fig. 15¢, in addition to the six pairs of protocnemes. Of the four metacnemic 
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pairs, the two larger are situated within the dorsal or sulcular exoccele on each side of the polyp, 
and the two smaller pairs are within the middle exoceele on each side (see also, Pl. XIV, fig. 109). 

In addition to these two instances, a number of early mesenterial stages have been secured 
from young buds, and there is little doubt that the process of metacnemic development in these is 
exactly the same as that followed by polyps with direct larval predecessors. 

Fig. 86, on Pl. XII, represents a transverse section through the stomodieal region of an 
expanded bud of Solenastrea. The protocnemes are in the Adwardsia-stage of development, 
and within each of the dorsal or sulcular exocceles a pair of metacnemes has appeared. Sections 
of the same bud, taken a little below the inner termination of the stomodzeum, reveal, in addition, 
a rudimentary pair of metacnemes within the middle exoccele on the right side, though no trace 
of new mesenteries appears in the left middle exoccele; the sulecular pairs are also much further 
developed than in the upper region, and are much larger than the single middle pair (fig. 87). 

The stomodeal region of another bud of Solenastrea, somewhat younger than the former, 1s 
represented on Pl. XI, fig. 82. Of the protocnemes, four pairs again are complete and two 
pairs incomplete. In this instance the first two pairs of metacnemes are very rudimentary, and 
appear within the middle lateral exocceles, not as before, within the sulcular exocceles. The new 
pairs are slightly better developed in sections somewhat lower, but no dorsal or ventral pairs were 
encountered. 

In later buds of Solenastrza six pairs of metacnemes occur, a pair within each of the primary 
exoceeles, and these exhibit a developmental succession from the suleular (dorsal, axial) aspect to 
the sulcar (ventral, abaxial). In older buds all the pairs are equal in size, forming a regular 
hexameral second cycle, and this is the adult condition of most of the polyps in a colony (fig. 81). 

The diagrammatic representation of the mesenteries of a young polyp of Astrangia solitaria 
on p. 460, also indicates a like dorso-ventral succession for the second order of mesenteries in 
this species. 

Buds of Cladocora arbuscula reveal somewhat similar conditions in the appearance of the 
metacnemes (p. 458). Fig. 61, on Pl. VIII, represents a transverse section through a bud in 
which two pairs of mesenteries are present, in addition to the six pairs of protocnemes; of the 
latter only the Edwardsian mesenteries are complete and bear mesenterial filaments. The two 
pairs of metacnemes (A, A) are very rudimentary, and extend but a short distance down the 
column wall, and are devoid of mesenterial filaments. The proportional development of the 
protocnemes enables the dorsal and ventral aspects of the polyps to be determined, and serves 
to indicate that in Cladocora the first metacnemes appear within the ventral or sulcar exocceles, 
as compared with their dorsal or sulcular origin in Solenastrea (Pl. XII). Comparing fig. 87 with 
fig. 61, the sulear aspect in both genera is seen to be the outer or abaxial with regard to the rest 
of the colony, while the suleular is the inner or axial; therefore, in the two species the metacnemic 
succession proceeds from opposite aspects. 

PI.VIII, fig. 62, represents a transverse section through a somewhat older bud of C/adocora. 
The specimen is exceptional in that the dorso-lateral pair of protocnemes is missing from the 
left side, so that the polyp is pentamerous. Five alternating pairs of metacnemes also are 
present, and their interest in the present connection lies in the fact that they show a marked 
gradation in the extent of their development, in passing from the outer to the inner aspect. 
Mesenterial filaments occur on the pairs in the sulco-lateral exocceles, and the longitudinal 
muscular fibers are also determinable. This latter character is apparent on the metacnemes in 
the middle lateral exocceles, but no trace of mesenterial filaments occurs. The single pair in the 
sulculo-lateral exoceele is very rudimentary. The proportional development indicates the same 
relationship as fig. 61, namely, that the metacnemic sequence is from the abaxial to the axial 
border of the polyp. At a little later stage the polyps of Cladocora consist of six protocnemic 
pairs, all the members complete, and of six alternating metacnemic pairs, all incomplete and 
equally developed. Many polyps in a colony are found in this condition. 

The manner of appearance of the first cycle of metacnemes in asexually produced coral 
polyps is thus in closest agreement with that in larval polyps. In both cases they arise as 
isocnemic pairs within the six primary exocceles, and in bilateral order from one aspect of 
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the polyp to the other, the aspect varying, however, in different species. In S/derastrea, 
Solenastreea, Favia, and Astrangia the succession is from the dorsal to the ventral side, in buds 
of Cladocora from the ventral to the dorsal. The exceptional succession in the latter may be 
in some way dependent upon the more rapid growth which takes place on the abaxial side of 
the buds, as compared with the axial. Before it can be regarded as actually characteristic 
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FIG. 7. 
Clado buscula.—Four diagrammatic figures illustrating the order of appearance of the mesenteries in bud polyps (cf. Pls. VI-VIII). 
In } the lower bilateral pair marked V, V, should have been lettered VI, VI.) 


of the species, it will be necessary to follow the sequence in polyps reared directly from larvee, 
as in the case of S7derastrea. Until such is carried out, it may be taken as a general rule that 
the development of the second order of mesenteries is from the dorsal to the ventral aspect 
of the polyp; that is, from the anterior to the posterior border. 
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A wide distinction in their manner of appearance thus separates the members of the second 
order of mesenteries from those of the first order. The primary mesenteries appear in )7//ateral 
pairs, in a succession which is first toward one aspect and then toward the other aspect of 
the polyp, and so on, and only later do they constitute unilateral pairs, in which the musculature 
is on the faces turned toward each other. With the exception of the directive pairs, the two 
members of each unilateral pair arise at different times, the dorso-lateral pairs being constituted 
of mesenteries II and V, and the yentro-lateral pairs of mesenteries I and VI, in the protocnemic 
sequence; and fora long period the lateral pairs are anisocnemic. The secondary mesenteries also 
arise in a bilateral manner, but are in wnilateral (¢socnemic) pairs from the beginning, and in any 
polyp they are formed in only one succession, from the dorsal to the ventral aspect, alternating 
with the primary pairs, and situated within the primary exocceles. In mature polyps the secondary 
mesenteries are all equal, except perhaps in their vertical extent, and are arranged around the 
polypal wall with perfect hexameral radial symmetry, all traces of their bilateral succession 
being lost. 

Where coral polyps attain considerable size, as in Orbicella cavernosa and Phyllangia 
americana, the members of the second order of mesenteries often become united with the 
stomodeum. In doing so they follow the same antero-posterior succession as that characteristic 
of their order of appearance in the young polyp (see fig. 9/, p. 464). 


SECOND CYCLE OF METACNEMES. 


The order of appearance of the second cycle of metacnemes, or third order of mesenteries, 
may now be considered. These, when complete, consist of twelve equal pairs, a pair within 
each of the exoceles between the protocnemes and the first-cycle metacnemes. The succession 
has not been followed upon any coral polyp reared directly from the larva, but sufficient evidence 
is forthcoming from the asexually produced polyps of several species to indicate in a general 
way the manner in which it is carried out. 

Mature polyps of Oladocora arbuscula and Astrangia solitaria usually contain a certain num- 
ber of second-order metacnemes, but apparently never the full complement of twelve pairs. It 
is therefore possible to obtain from these certain intermediate stages in the establishment of the 
cycle. Pl. VI, fig. 49, represents a section through the stomodeeal region of a polyp of Oladocora 
with sixteen pairs of mesenteries. Of these the six complete pairs are protocnemes, the six alter- 
nating pairs are first-cycle metacnemes, and the four pairs remaining are the only representa- 
tives of the second-cycle metacnemes. The latter are but feebly developed, and without 
mesenterial filaments. The fact of greatest importance, in connection with the four new pairs 
of mesenteries, is their restriction to only one exoceele within each of the six primary systems; 
they are not developed in both the exoeceles within the two ventral systems, as considerations of 
symmetry would suggest. It will be also observed that in each case they occur within the 
exoccele on the dorsal aspect of the second-order mesenteries (¢7, p. +58). 

The polyps of Cladocora arbuscula very varely pass beyond the stage with: sixteen mesen- 
teries, which corresponds externally with thirty-two tentacles. For the further mesenterial 
sequence therefore other species will be employed. 

All the members of an isolated group of eight separate polyps of Astrangia solitaria were 
decalcified and sectionized, and the stage reached in the mesenterial development of each is 
diagrammatically represented in figs. 8 (7g). Camera lucida drawings of a transverse section 
from two different individuals are also given on Pls. V and VI, figs. 48, 47. The seven 
diagrammatic figures reveal that no two polyps in the group were alike in their mesenterial 
arrangement, so that the series may be taken as affording a fairly complete representation of 
the order of mesenterial development generally followed in this species. 

Fig. Sa is taken from the smallest of the polyps. In this instance three members of the 
protocnemes are still incomplete, and only four pairs of metacnemes have yet appeared, situated 
within the dorsal and the middle primary exoceeles. The sequence of the first-cycle metacnemes 
is evidently similar to that of the polyps of S/derastrea above described (p. 456). In the next 


460 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 


largest polyp (fig. 8%) the first two cycles of mesenteries are fully established, a pair of metacnemes 
having appeared within each of the six primary exocceles. 


I 


I 


FIG. 8a. 


Astrangia solitaria.—Fig. 8. Series of diagrammatic figures (a-g) illustrating the order of appearance of the mesenteries of the first and 
second cycles of metacnemes. «a, Four isocnemic pairs of the first cycle of metacnemes are present (II), while three of the protocnemes 
are not yet united with the stomodeum 
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Fra. 8b. 


Astrangia solitaria.—The protocnemes are all complete, and the six pairs of first-cyele metacnemes have all appeared. 


Fig. Sc presents the first appearance of the third-cycle mesenteries or second-cycle metacnemes, 
which are to be especially studied. A new pair of mesenteries bas appeared within the exoccele 
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on each side of the dorsal directives and the pair of dorsal second-cycle mesenteries, and a similax 
pair within the left middle system III. 


I ! It 
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Fie. 8¢. 
Astrangia solitaria.—Three pairs of second-cycle metacnemes (III) have arisen toward the dorsal aspect of the polyp. 
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Fie. 8d. 
Astrangia solitaria.—Two additional pairs of second-cycle metacnemes have appeared; as yet only a single pair of second-cycle metacnemes 
is contained within each primary exoccele. 

In fig. 8d two additional pairs occur, one in the right middle system, and one in the left 
ventral system. Two other polyps sectionized from another colony exactly correspond with 
fig. 8d. 

Vol. 8S—No. 7 5 
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The polyp from which fig. 8¢ was taken contains a like number of mesenteries, but the right 
middie system includes only one pair of mesenteries, while the right ventral has two. 


ag 


FIG. 8¢. 


Astrangia solitaria.—The development of the mesenteries within the ventral exoccelic chambers is exceptional in that it isin 
advance of that in the right middle exoccele (cf, fig. 47, Pl. VI). 


In fig. 87; from another polyp, a third-cycle pair occurs in each of the six primary systems. 


a6 


Fic. §/. 


Astrangia solitaria.—A pair of second-cycle metacnemes now occurs within each primary exoceele. 
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So far the series serves to demonstrate the important fact, first suggested by Cladocora, 
that in the establishment of the third order of mesenteries only a single pair first arises within 
each of the six primary systems, not two pairs—one in the exoceele on each side of the second- 
cycle pair—as might have been expected. Further, the pairs do not appear simultaneously, any 
more than do the members of the first and second cycles. They present evidence of a general, 
though not rigid; succession from one border of the polyp to the other. What this aspect is, 
whether dorsal or ventral, can not be determined in polyps at this late stage, seeing that the 
protocnemes are all complete. In isolated polyps apparently no means is available for such an 
important determination; the relative sizes and vertical extent of the second-cycle mesenteries 
are of no assistance. The latter are now practically of the same size, and any variation they 
may present is of very uncertain value. However, as in most species the succession of the second- 
cycle mesenteries is found to be from the dorsal to the ventral aspect, | have disposed the figures 
in such a way that they indicate a like succession for the first six members of the third cycle. 


Til ™ 


FIG. 8g. 


Astrangia solitaria.—An additional pair of tertiary mesenteries has appeared within the right middle exoccele (¢/, fig. 43, Pl. V). 


In some instances (fig. 8c) the growth is more rapid on one side than on the other, and in fig. 8¢ 
the right middle pair has lagged behind. In A. solitaria, at any rate, a certain amount of 
individuality in growth is exhibited by each sextant, and mesenteries may appear in one irrespective 
of the condition in other divisions. 

Clearly, in order to complete the third cycle of mesenteries according to the hexameral plan, 
a second pair of mesenteries must now arise in each of the six primary systems, and within the 
exocele on the ventral aspect of each of the second-cycle mesenteries. 

Such has already taken place in fig. 8g in connection with the right middle system, but a 
lagging behind occurs in the left ventral system, as only a single mesenterial pair is yet developed. 

Polyps of Astrangia solitaria rarely exhibit more than seyen or eight third-cycle mesenteries; 
no specimen with the full twelve pairs has been met with. The further stages necessary to 
complete the third order may, however, be obtained from the larger polyps of the closely allied 
Phyllangia anericana. 
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Fig. 9/ represents a transverse section through a polyp of P. americana, in which ten pairs 
of mesenteries are complete; six pairs represent the protocnemes, while the other four pairs 
belong to the second order. The remaining two pairs of secondaries are still incomplete. The 
full complement of twelve tertiary pairs is present, except for one pair in the dorsal exoceele of 
the two ventral primary systems. Here, as before, it will be understood that the dorsal and 
ventral aspects were not actually determinable. 

Fig. 9/, from a still larger polyp of Phy/langia, reveals twelve pairs of complete mesenteries 
belonging to the first and second orders, and twelve alternating pairs of incomplete mesenteries 
representing the third order. At the dorsal extremity a few pairs of mesenteries of the fourth 
order have also appeared. Polyps of Phyllang/a rarely contain more than this number of 
mesenteries, so that it has not been possible to follow the method of growth of the fourth 
order. All that can be asserted from fig. 97 is that the mesenteries of the fourth order begin to 


FIG. 9h. 


Phyllangia americana.—Order of appearance of the metacnemes continued. Other pairs of second-cycle metaenemes (IIT) are present, and 
four pairs of the first-cycle metacnemes (II) are now united with the stomodeum. The succession of growth is from the dorsal to the 
ventral aspect. 


make their appearance at one extremity of the polyp, which is probably the same as that at which 
the members of the second and third orders first arise. 

The sections of the polyps of Fuvia fragum represented on page 510, and of Manicina areolata 
on page 504, reveal that in these species the order of appearance of the third-cycle mesenteries 
follows a succession closely comparable with that in Cladocora, Astrangia, and Phyllangia. 

The order in which the twelve pairs of tertiary mesenteries are developed may be thus 
summarized: 

The members of the third order of mesenteries arise in successive isocnemic pairs, after 
the establishment of the secondary mesenteries, within the exoccelic chambers between the 
pairs of the first and second orders of mesenteries. In a general way, two stages of growth are 
distinguishable: First, a single pair arises within each of the six primary systems, that is, within 
only one of the two exoceles, the succession being from one aspect of the polyp to the 
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other; second, another pair appears within each of the remaining exoccelic chambers, the different 
members of the series of six pairs following the same succession as the first series of six pairs. 
The regularity is by no means strictly adhered to; growth in one sextant of the polyp may 
be in advance of growth in another, independently of the general dorso-ventral succession. 
Part or all of the twelve pairs necessary to complete the order may be characteristic of any 
species. Ultimately all the tertiary pairs attain the same radial extent, which is less than that 
of the secondaries. 


APPEARANCE OF MESENTERIES IN POLYPS REPRODUCING BY FISSION. 


All the examples referred to above, as attaining a cyclical disposition of the mesenteries in 
the adult polyp, are species reproducing asexually by gemmation. A perfect regularity, as regards 
the radial length of the mesenteries of the different cycles, obtains in these, exactly as in sexually 
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FIG. 9. 


‘ Phyllangia americana.—All the secondary mesenteries are now united with the stomodzeum, and along with the members of the first order 
(protocnemes) constitute the first cycle of mesenteries. Four pairs of third-cycle metacnemes (fourth-order mesenteries, IV) have 
appeared on the dorsal side. 


produced polyps. The organs do not continue their growth indefinitely until reaching the 
stomodzeum; only the members of the first order of six pairs, or, in larger polyps, those of 
the second order also, become united with the stomodeum. The remaining orders extend for 
definite radial distances from the body wall, uniform for the members of any one cycle, and in 
the main characteristic of the species. The adult arrangement has been shown to be otherwise 
with species in which asexual reproduction by oral fission prevails; and this whether the new 
polyps become distinct, each with its own tentacular system, or whether they remain incompletely 
separated, and give rise to meandering tentacular and discal systems (p. 448). 

In describing the mesenterial arrangement in the genera Meandrina and Colpophyllia 
(p. 449), it was found that the mesenteries at most are divisible into only complete and incomplete 
pairs, but that the alternation is by no means constant. Sometimes several complete pairs are 
found without any intervening incomplete pairs, while, when the latter do occur, they are very 
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variable in the extent of their development. One pair may extend nearly as far as the stomodzeum, 
while another may be merely incipient; further, the complete or incomplete pairs belonging to 
opposite sides bear no bilateral relation to one another. 

In these genera, therefore, the mesenteries manifestly arise in single exoccelic pairs at almost 
any region of the colony, though more freely in the regions ‘of forward growth. The new 
pairs, however, do not continue as a separate incomplete cycle, but become larger and larger, and 
ultimately come into union with the stomodeeum, while other new pairs appear in the meantime. 

Similar relationships of the mesenteries are also described for /sophyllia, Hawia, Agaricia, 
and others. In transverse sections mesenteries of all sizes are found, representing different 
stages of growth, but without any regular alternation of small and large pairs; the Roman 
numerals only approximately indicate any ordinal relationships of the pairs. Here again, one can 
only assume that the different pairs arise for the most part independently of any cyclic plan, and 
that each pair continues to increase in size, and may ultimately become complete. If the polyp 
be in an actively growing condition, fission will again step in, the mesenteries which before 
were incomplete now become complete, and new pairs continue to arise in the daughter polyps 
in the same irregular fashion. 

When the very regular cyclic arrangement of young polyps of Manicina arcolata is com- 
pared with that after fission is well established (p. 503, ef seq.), it is seen that the order of appear- 
ance of the mesenteries is becoming ftindamentally altered. It is manifest that single pairs arise 
at any point, and grow independently of the others already present, so that in different primary 
exoceeles they may be one, two, three, or even four incomplete pairs. 

It may therefore be accepted as a general rule, that in genera reproducing by fission, the 
mesenteries are not developed according to any regular cyclical sequence, once fission has become 
established; but they arise as isolated exoccelic pairs, in regions of most forward growth, and 
‘ach and all the pairs may ultimately become complete. This is more fully illustrated under 
fission in Manieina and Favia (p. 502, et seq). 


INCREASE OF MESENTERIES IN PORITES. 


As already mentioned, the tentacles and mesenteries in the genus /%rfes are always twelve 
in number, and larval in the extent of their development, the Edwardsian mesenteries alone being 
complete. Very exceptionally polyps are met with in which these organs may be increased to 
fourteen, sixteen, or even twenty-four, the polyps maintaining a circular form, like that of the 
ordinary polyp, only larger. Similar numerical increases are likewise occasionally found in the 
septa of individual corallites. A study of transverse sections of these larger polyps reveals that 
the increase in the number of mesenteries proceeds in a manner different from any yet described 
in the Madreporaria. The diagrammatic figures 10 and 11, and the camera drawings on Pl. V 
(figs. 41, 42), will serve to explain the various sequences followed. 

In fig. 41, and 10a, is represented a transverse section through the stomodzeal region of a polyp 
in which fourteen mesenteries are present, that is, two beyond the usual number. The twelve 
primary mesenteries are easily determinable from the arrangement of the retractor muscles, and 
retain their original condition, that is, four pairs (I-IV) are complete and two pairs (V, VI) are 
incomplete. Within the sulear or yentral entocaele, however, another complete pair (A, A) has 
been added, and the sulcar directives are pushed farther apart. The retractor muscles on the 
newly added pair are on the faces of the mesenteries turned toward each other, so that each forms 
with the adjacent directive mesentery a unilateral pair, in which the retractor muscles are on the 
mesenterial faces turned from one another as in directives proper. 

The next stage (fig. 104) obtained is one in which eighteen mesenteries occur: fourteen are in 
the same condition as in the previous polyp, and the four additional members are situated within 
the entocele of the seventh pair. The bilateral pair, B, B, is very rudimentary at this level, but 
becomes proportionally better developed a short distance below the stomodzal region; each 
member forms with the adjacent moiety of pair C, C a unilateral, anisoenemie pair, in which the 
retractor muscles are vis-a-vis. A similar stage is represented in the next figure (fig. 10c), 
except that an unpaired complete mesentery is added within the entoccele of the last bilateral 
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pair C, C. In the polyp from which fig. 10d was taken a pair of complete mesenteries occurs, 
in place of the unpaired member of the previous polyp. Below the stomodeal region, the mem- 
bers of pair D, D are found to belong to the smaller series, corresponding in size with pair B, B. 


ALVES ees 


uA ia 


Fie. 10a. 


Porites.—Fig. 10. Increase of mesenteries beyond the protocnemie stage, as exhibited by various polyps. The six pairs numbered I-VI and 
represented by thicker lines are the protoenemes. a, An additional bilateral complete pair (A, A) occurs within the exoccele of the 
yentral pair of directives. 


All the additions thus far are within the entocceele of the yentral pair of directives, but in 
fig. 11 the new mesenteries are disposed within the entoccele of the dorsal directives. In Ila, 
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Fic. 100. 


Porites.—Two further bilateral pairs have been added; one (B, B) incomplete, and another (C, C) complete. Mesenteries III, A, on 
side form unilateral isoenemic pairs, in which the retractor muscles are on the faces of the mesenteries turned away from ¢ 
as in directives; mesenteries B, C, on each side constitute unilateral anisocnemic pairs 


three bilateral pairs are represented, all the members of which are attached to the stomodzum. 
The retractor muscles are so disposed that, as in the previous instances, the members of the first 
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new pair form with the adjacent members of the primary directives an isocnemic pair of directives 
on each side, and the moieties of the next two bilateral pairs form a pair on each side, in which 
the muscles are turned toward each other. 


Fic. 10e. 


Porites.—A single additional mesentery (D) has appeared without a corresponding member to form a pair. 
Fig. 114 is the diagrammatic representation of fig. 42, Pl. V, which is taken from a section of an 


enlarged polyp of Porites. The figure of the section will give some idea of the difficulties involved 
in unraveling the relationships of the various mesenteries to one another. It is only by deter- 
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Fie. 10d. 


Porites.—Four additional bilateral pairs are present. The pair D, D is united with the stomodeum, but below this region is shorter than 
pair C, C, showing that it belongs to the microenemic series 


mining the faces of the mesenteries bearing the retractor muscles, and the proportional sizes of 
the mesenteries, that the primary and the later mesenteries can be established in their relations’ 
to.one another. Comparing fig. 114 with fig. 42, it is seen how the pairs in the actual section 
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correspond one by one with those in the diagrammatic plan. It is further manifest that no other 
arrangement of the pairs than that offered would represent the primary mesenteries with the 
characteristics they present in ordinary polyps. In the region here figured, the dorsal directives 
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Porites.—Fig. 11. Increase of mesenteries continued. All the additions occur within the dorsal directive entoceele. a, Three new pairs 
(A, C) oceur, all of which are united within the stomodxum. 


belong to the smaller series of mesenteries as well as the new bilateral pair next to them, and as 
in the previous figure the adjacent moieties of each pair constitute a pair of directives. The 
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Porites.—Section of another polyp, below the stomodeal region. Mesenteries IV, A, on euch side constitute microdirectives and B, C are 
anisoenemic pairs (ef. Pl. V, fig. 42). 


next two mesenteries on each side form a unilateral pair in which the ventral moiety is large and 
the dorsal small. 
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Fie. 11¢ is from a transverse section through the stomodval region of a polyp in which twenty- 
four mesenteries are present, arranged in twelve bilateral pairs. The primary dorsal directives 
(IV, 1V) are incomplete at this level, as often happens in ordinary polyps. The unilateral paired 
arrangement of the six new pairs of mesenteries, as regards the complete and incomplete moieties, 
is exactly the reverse of that of the primary mesenteries. In the former, the incomplete 
members have their musculature on faces directed ventralwards, while in the latter it is toward 
the dorsal aspect. Four isocnemie pairs occur in which the retractor muscles are on the faces 
turned away from one another (directives), and eight anisocnemic pairs in which the musculature 
is on the faces turned toward each other. 

Of the many living polyps examined, none showed a stage beyond that represented in fig. 11e. 
In one or two instances where twenty-four mesenteries occurred, the stomodeeum was found 
to have undergone fission in the dorso-ventral or directive plane, and with each stomodzal tube 
were associated six pairs of mesenteries, arranged exactly as in ordinary polyp. Of the six pairs 
in each fission polyp, three belong to the primary series of mesenteries, and three to the later 
formed pairs (p. 514). 
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Porites.—Six new mesenterial pairs have appeared, equaling in number and corresponding in arrangement, only in reverse order, with the 
protocnemes. 


The results may be summarized as follows: 

1. In /orites new mesenteries beyond the primary six pairs are added at only one region, 
which is within either the dorsal or the ventral directive entoccele. 

2. The additional mesenteries appear successively in complete or incomplete bilateral pairs, 
the latest formed arising within the entoccele of the previously formed pair. Sometimes the 
moiety of a pair on one side may arise a little in advance of the moiety on the other side. 

3. The longitudinal muscles on the mesenteries are so arranged that the members of the 
first additional pair constitute with the sulear or sulcular directives, as the case may be, two 
isocnemic pairs, in which the musculature is on the faces turned away from one another. In the 
succeeding bilateral pairs, the musculature is alternately on opposite faces, so that the eighth 
and ninth bilateral pairs on each side form a unilateral pair in which the muscular faces are 
turned toward each other, and likewise the tenth and eleventh pairs. On the twelfth bilateral 
pair the retractor muscles are on opposite faces, as in directives proper. 

4. Below the stomodval region both the primary and additional pairs consist of alternately 
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longer and shorter mesenteries (anisoenemic), with the exception of the directives, which, whether 
lateral or axial, consist of equal moieties (isocnemic). 

5. When the number of mesenteries in a polyp reaches twelve pairs, stomodzal fission may 
take place, in such a manner that six primary and six new mesenteries are associated with each 
stomodzeum. 

A great distinction is thus established between the manner of appearance of the metacnemes 
in Porites and that in other coral polyps. In the former, the additions are shown to take place in 
bilateral pairs at only one region, and within an entoccele, while in the latter it has been shown 
that the additions are made in unilateral pairs all round the polyps, within the six primary 
exoceelic chambers. In /ortes, the unilateral pairs consist of a larger and a smaller moiety 
(anisocnemic), without the formation of hexameral cycles, while in other Madreporaria the 
members of a pair are alike in size throughout (isocnemic), and in the end the different pairs 
constitute cycles. 

Later results suggest that the additions in Porites are to be regarded as stages in the process 
of fissiparous gemmation. (See foot-note, p. 496.) 


INCREASE OF MESENTERIES IN MADREPORA. 


In a recently published paper,“ 1 have fully described the peculiar manner in which the 
increase of mesenteries beyond the protocnemic stage takes place in J/adrepora. ‘The process 
is again alluded to on p. 515, in connection with fission in Madrepora, and is illustrated by three 
diagrammatic figures (fig. 18a-c). Fundamentally, the increase takes place in the same manner 
as in Porites, that is, by bilateral pairs, which are disposed within the directive axial entoccele. 
But in any one polyp of Madrepora additions are made at both extremities, whereas, in Por/tes, 
they are restricted in any one polyp to either the dorsal or tho ventral directive entoccele. 
Six new pairs seem to rise simultaneously in J2/adrepora, as against the successive order in 
Porites; for some time one or two of the pairs may be united with the two stomodeal tubes, 
without any connection with the column wall. 


MESENTERIAL FILAMENTS. 


The edges of all the complete mesenteries, after ceasing their connection with the 
stomodeum, are provided with the Anthozoan structures known as mesenterial or gastric 
filaments, and likewise the free edge of most of the other mesenteries, which at no time extend 
transversely so as to reach the stomodeum. In dissected polyps the filaments appear as 
dense, white, thread-like organs, connected with the mesenteries, usually straight and vertically 
descending in the upper region, but greatly convoluted below. In the living condition, they are 
frequently extruded through the mouth and polypal wall, as white coiled threads, along with the 
portion of the mesentery to which they are attached. They are generally strongly marked off 
from the rest of the tissues in microscopic preparations, on account of the brightly-staining 
character of their cellular constituents. 

On the incomplete mesenteries, the filaments, as a rule, commence a short distance from the 
uppermost region of the polyp, and terminate below somewhat in advance of the mesentery; 
occasionally they are absent from the last cycle of mesenteries, or remain incipient. On 
the other hand, the filaments are borne by the complete mesenteries only after ceasing their 
connection with the stomodeum. At first they are straight, but soon become greatly 
convoluted, on some mesenteries more than on others. 

Structurally, the filaments display the same essential characters in all the species examined, 
and are simpler than the corresponding organs in the majority of Actiniaria. Throughout the 
Madreporaria, so far as yet known, the actual filament consists of only a single median lobe, in 
contrast with the trilobed condition of most Actinian filaments. In transverse sections the 
organs appear as cordate or disk-like expansions of the edge of the mesenteries. In addition 
to the actual terminal filament, the mesenterial epithelium immediately behind is usually much 
swollen on each side, and is either sharply rounded off from the rest of the endoderm or passes 


«‘*The Morphology of the Madreporaria.—II. Increase of Mesenteries in Madrepora beyond the Protocnemic 
Stage.’’ Ann. Mag. Nat. Hist., Ser. 7, Vol. X, 1902. 
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gradually into it. Figs. 14, 39, 44, 45, 57, and 69 will give some idea of the variety of form 
presented in transverse sections. 

Histologically, a filament differs in passing vertically from one region of the polyp to another, 
and also exhibits a variety of cellular constituents in different parts of the same section. In 
the complete mesenteries the actual boundary between the stomodeal ectoderm and the mesen- 
terial filament is by no means well defined. As shown on PI. VI, fig. 51, the deeply-staining 
ectoderm of the stomodeum, at the termination of the latter, appears to pass around and for some 
distance along both sides of the mesenteries, and as the latter become free they are capped with 
the ectoderm. In transverse sections (fig. 57)) the filament at first is cordate, the mesogloea 
bifurcating and supporting the lateral wings. The anterior and lateral borders of the filament 
differ in no respect histologically from the stomodeal ectoderm, while the posterior borders 
are ordinary mesenterial endoderm. The first part of the filament in most corals is of this charac- 
ter, but continues thus for a longer distance in some form (Cladocora, Astrangia) than in others. 
The stage is never represented in the filaments of mesenteries which are unconnected with 
the stomodeum. It passes gradually into the next stage, which represents the longest part of 
the filament (fig. 57c). The anterior or inner portion of the filament is constituted mostly 
of narrow nematocysts, clear and granular gland cells, and supporting cells, while laterally and 
behind the cells become shorter, supporting cells predominate, and the ciliation is stronger 
than elsewhere. The mesoglea of the mesentery passes but a short distance into the filament, 
and there bifurcates, each half being directed forward, horizontally, or backward, and quickly 
thinning out. Immediately in front of the mesogloal expansion nervous elements are usually 
recognizable, and less often muscular fibrils. The latter may also be present along the hinder 
mesoglceal border, as a continuation of the mesenterial muscle layer (¢7, also figs. 44, 45, Pl. V.) 

Passing to the lower regions of the polyp, the filaments usually become broader in transverse 
sections, and large, oval, thin-walled nematocysts, with a very distinct spiral thread, are the chief 
feature. So abundant are the stinging cells that in some cases they make up by far the greater 
proportion of the whole filament, the supporting cells serving as a kind of matrix (PI. VII, fig. 
58; Pl. XII, fig. 94)¢. 

The swollen mesenterial endoderm, immediately behind the filament, must in no ways be 
confounded with the two lateral lobes of the trilobed Actinian filament. In these the three 
lobes are very distinct structures, both as to their form and histology, and each is supported upon 
a separate mesogloeal axis. The apical part of the middle lobe (Drusenstreif) is mainly glandular 
in character in the upper region of the polyp, and a few small nematocysts usually occur. On 
their antero-lateral borders, the two lateral lobes are constituted wholly of ciliated supporting 
cells, being known as the ciliated bands or Flimmerstreifen. Between the glandular streak 
and the ciliated bands is found a patch of tissue, which as a rule bears a close resemblance to 
undifferentiated endodermal epithelium, and has been termed the intermediate streak. 

Yomparing the coral filament with that of the Actinian, it is manifest that the organ in the 
former is represented by the middle lobe of the latter, and there is nothing which corresponds 
morphologically with the lateral lobes. The lateral lobes of coral polyps never contain a 
separate mesogloeal axis, and histologically they bear the closest resemblance to the ordinary 
mesoglwal epithelium. In Actinians the lateral ciliated lobes disappear aborally, and also dis- 
tally on the incomplete mesenteries, while in certain genera (Corynactis, Rhodactis) the lateral 
lobes are altogether wanting, when the filament is essentially like that of the Madreporarian 
polyp. 

Histologically the postero-lateral region of the coral filament, especially in Madrepora 
(p. 474), closely recalls the ciliated streak of anemones, and its strong ciliation also suggests a 
similar function. 

The filaments on the imperfect mesenteries often remain in a rudimentary condition, and 
afford instructive stages in the development of the organ. The free edge of the mesentery is 

«None of the mesenterial filaments examined eyer show the nematocysts partly extruded, in the manner 


described and figured by Bourne for Fungia (1893, pl. XXIV, fig. 28), and by Pratt for NMeohelia (1900, pl. LXIIT, 
fig. 8); but in the polyps of certain Pacific corals I have observed the phenomenon noticed by these authors. 
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capped by a tissue which stains brightly, and consists mainly of ciliated supporting cells, but 
is not sharply separated from the unmodified mesenterial epithelium. The mesoglcea is not 
swollen or bifurcated, and the endoderm immediately behind never becomes lobed. Such 
incipient filaments occur on the secondary mesenteries of Orbicella and Cladocora (tig. 57a), and a 
somewhat further stage is represented by Solenastrea (fig. 85). .The figures should be compared 
with the early stages in the development of the filament met with in larve (Pl. XV), and also 
in Portes (fig. 38). There is the closest resemblance between the two phases, leading to the 
conclusion that phylogenetically they represent similar structures, whether continuous with the 
stomodeal ectoderm or remaining free from it. 


GLANDULAR MODIFICATIONS. 


The filaments of many species of corals undergo a peculiar histological modification, the 
organs within restricted limits becoming almost wholly glandular. In the fresh tissues, the alter- 
ation is indicated by the part being of a golden yellow color, instead of the usual dull white; while 
in preserved material the same parts are much darker than the rest of the filament, above and 
below. A transverse section through one of these modified regions, taken from Orbicella annularis. 
is represented on PI. IX, fig. 69. The filament has become enlarged in diameter, and its cellular 
constituents are remarkably uniform in character. The latter are long, clearly defined, columnar 
cells, radiating in a fan-like manner from the expanded mesogleal base. Each cell is filled witha 
finely granular substance, and on staining a nucleus is rendered visible. The free margin presents 
no indication of ciliation, hut, in places, globules of some liquid appear in the act of oozing out, 
while the organ is enveloped in some secretion, evidently issuing as the polyp was preserved. 
The secretion is of a faint yellowish color, slightly different in refraction from the Canada 
balsam in which the sections are mounted. The same filament, as it appears in a partly 
tangential section, is represented in fig. 70. The cells in the middle are cut transversely, while 
peripherally they are seen more lengthways. The well-defined polygonal outline of each cell in 
transverse section is very characteristic. 

After maceration, the preparations (fig. 71) reveal that the filament comprises only two 
kinds of cells: (a) long, columnar gland cells, of the same diameter throughout, and charged 
with granular matter; and (>) equally long, narrow supporting cells. Nematocysts are altogether 
wanting. The modification extends over a very restricted vertical range, for on following the 
sections of the filament, both upward and downward, the normal, more complex structure soon 
appears. 

The actual presence in some cases of a secretion surrounding the filament, and the character 
of the cells themselves, leads to the conviction that the structure represents a purely glandular 
organ. Such a histological specialization is very exceptional among Zoantharian tissues. One 
of the functions of the ordinary mesenterial filament is deemed to be the production of a 
digestive secretion, and it is manifest that in these special filamental regions an increase in size 
and number of the secretory cells has taken place, to the exclusion of nematocyst and other cells, 
with the exception of the ever present supporting cells. 

A comparison with the section through the unmodified region of the same filament, repre- 
sented in fig. 72, at once suggests the manner in which the alteration has taken place. The 
portion of the mesentery included in the figure is at first very narrow, but just behind the 
filament its epithelium and mesogloea become swollen, and as the latter enters the filament it is 
flattened, terminating in a branch to each side. The boundary between the filament and the 
swollen mesenterial endoderm is clearly defined. The comparison of fig. 69 and fig. 72 renders 
it evident that in the former the whole of the filament has taken on the glandular character, 
while the unmodified basal area is the swollen mesenterial epithelium, now, however, so closely 
apposed to the filament, as to be distinguished only histologically. 

Intermediate stages in the production of the glandular organ from the normal filament are 
afforded by the filaments of J/eandrina (Pl. XX1). A transverse section of one of these is 
represented in fig. 144; the right side of the filament presents the usual histological details, while 
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to the left side most of the cells have become enlarged and glandular. In lower sections the 
whole of the filament takes on this latter character, becoming at the same time much larger 
(fic. 145). 

The glandular cells in Meandrina ditfer from those in Orbicella only in the fact that the 
contents of the cells are a brighter yellow in color; being unaffected by stains, they stand out as 
very conspicuous areas in microscopic preparations. In /uweia fragum also the contents are 
bright yellow. 

The glandular modification appears to be somewhat generally distributed, having been 
found in Orbicella acropora, Meandrina labyrinthica, Favia fragun, and Colpophyllia qyrosa. 
Its occurrence appears to be somewhat sporadic. Only a few of the filaments in any one polyp 
undergo the alteration, and its vertical extent is always very limited. In Orbicella and Favia 
two or three mesenteries, out of the usual twelve pairs, are thus distinguished, and in J/eeandrina 
the proportion is much the same. In one instance, in a portion of the brain coral, the two 
mesenteries of a pair were thus altered. 

A still further development in the same direction is presented by the filaments of J/eandrina 
(fig. 145). In transverse sections of ordinary filaments, the endodermal lobes immediately 
behind are not sharply marked off from the rest of the mesenterial epithelium; the cells are 
exceptional in the amount of yacuolization, and the comparative paucity of the zooxanthelle, but 
are not essentially different from the ordinary mesenterial endoderm (fig. 148). Where the 
glandular alteration has taken place, the cells, not only of the filament, but also of the mesenterial 
epithelium for some distance behind, are nearly all of a uniform character, and the elongated 
nuclei of the supporting cells are arranged in a zone. In fig. 145, three, coarsely granular, 
gland cells are represented, the granules staining very deeply, but the remainder of the cells are 
filled with an extremely fine granular matter, which stains but slightly. The nuclei of the cells 
are oval, and distributed through the tissue with an approximate uniformity, and perfectly 
clear gland cells are altogether absent. Instead of the filament being separated from the 
mesentery by a distinct grooye on either side, as is the case elsewhere, its cells are directly 
continuous with those of the mesenterial epithelium, and these latter have undergone a like 
glandular modification for some distance, passing gradually into the ordinary mesenterial 
endoderm. 

Thus the elements of two different tissues—tilamental and mesenterial endoderm—may 
assume a like specialized character. 


MESENTERIAL FILAMENTS OF MADREPORA AND PORITES. 


The histological characters of the mesenterial filaments of J/adrepora are such as to call for 
special note. A transverse section of one of these is represented on Pl. I], fig. 14. The meso- 
eleal lamella from the mesentery enters a short distance into the base of the filament, and there 
bifureates; the two halves are directed backward into the lateral regions, where they thin out 
and are lost. The filament thus becomes divided into three distinct areas, a larger antero-lateral 
area, and two smaller posterior crescentic regions, each characterized by special histological 
elements. In front the cells consist of long, narrow, supporting cells, amongst which are 
numerous clear and granular cells, and a few small thick-walled nemtocysts, though the latter 
are plentiful only in the proximal region. ‘The cells of the posterior crescentic areas are all of 
one kind—narrow, ciliated, supporting cells, with the deeply-staining nuclei wholly restricted to 
the inner two-thirds of the cells (fig. 184); the ciliation is also stronger than anteriorly. Though 
some such differentiation between the middle and posterior areas of the filaments is found in 
other coral polyps, the distinction is rarely so marked as in J/adrepora. In sections stained in 
borax carmine the posterior regions are an intense red, and present a sharp contrast with the 
rest of the filament. 

The middle region corresponds in histological detail with the glandular streak of the middle 
lobe of the Actinian filament; while histologically the crescentic areas most distinctly recall 
the ciliated bands of the lateral lobes of the Actinix. In these latter the ciliated bands are 
constituted wholly of ciliated supporting cells, and the condition in M/adrepora serves to 
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demonstrate how similar, highly specialized tissues may recur in different regions. The marked 
development of the lateral ciliated area in J/vdrepora may be conceived as associated with the 
complex circulatory system of the porose corals, but the weakness of the filaments in the allied 
genus Porites scarcely bears out such a suggestion. 

Mature polyps of Porites usually contain four pairs of complete mesenteries in the upper 
region, but the dorsal directives often become free before the lower termination of the stomo- 
deum is reached (figs. 30, 41). Mesenterial filaments, however, are found on only the three 
remaining pairs of mesenteries, I, kl, III; the free edge of pairs IV, V, VI is covered with 
the ordinary mesenterial epithelium (PI. II, fig. 29). For a short distance below the stomo- 
deum the tips of the older mesenteries are provided with a deeply-staining tissue, in no ways 
distinguishable from the stomodeal ectoderm with which it is continuous (PI. IV, fig. 38); 
and no sharp boundary line here separates the filament from the rest of the endodermal epi- 
thelium. Some distance below the stomodzal region, however, the filament takes on the normal 
character, and lateral endodermal lobes may be formed on the first and second pairs (fig. 39), 
though they persist for a very short vertical distance. 

The limited development of the mesenterial filaments in Portes, on only two or three of the 
pairs of the mesenteries, is in close agreement with the results of Fowler (1888) upon polyps of 
Seriatopora. In S. subulata Fowler found the mesenterial filaments to be well developed on only 
one pair of mesenteries, the two marked 3 and 10 in the author’s notation, and corresponding with 
the pair marked I, | in the present paper; the mesenteries numbered 1, 5, 8, 12, corresponding 
with pairs II, Il], were generally devoid of any ‘‘filamentar” thickening. The proportional 
development of the filaments thus corresponds with the order of appearance of the mesenteries. 


EXTRUSION OF MESENTERIES ‘AND FILAMENTS. 


In corals reproducing by gemmation the filaments are rarely so strongly developed as in 
fissiparous species. In the latter, certain of the filaments are more important than others, and 
become greatly folded and convoluted, attached to the free edge of the mesentery all the way 
(Pl. XXII, fig. 148). The mesenteries bearing such strongly developed filaments are capable of 
partial extrusion through the walls of the polyp, either upon irritation or injury to the latter, 
sometimes in such quantities as to nearly hide the surface of the colony. Extrusions may appear 
at any part of the column wall or disk, as well as through the mouth. In the living polyp the 
mesentery and filament sent out are easily distinguished one from the other; the former is 
usually thin, colorless, and transparent, while the latter is opaque white, and disposed in irregular 
loops and coils. The extruded mesenteries in some species are faintly green in color, perhaps 
due to the large number of zooxanthellz in the endodermal epithelium. In polyps preserved 
with the mesenteries thus partly extruded, some of the filaments are also found displaced within 
the upper polypal regions, and even within the chambers of the edge-zone. In C/adocora the 
filaments have been observed to enter the tentacular cavities, and occasionally they are found in 
the perithecal continuations of the polypal cavity. 

The phenomenon takes place most readily in fissiparous genera, upon strong irritation or 
after rough handling of the colony, and the extrusions are more copious in these forms than in 
genera reproducing by gemmation, but probably there are few corals in which it may not occur 
occur to a greater or less degree. It has, however, never been observed in the numerous colonies 
ot S/derastrea kept under observation. 

Examination of the column wall and disk of the polyps, under ordinary conditions, fails to 
reveal any apertures comparable with the ‘* Cinclides” of the Actiniaria, through which it may be 
supposed that the filaments can pass. The absence of cinclides, and the irregular disposition 
of the extrusions over any part of the column wall and disk, make it evident that the openings are 
merely temporary, and capable of formation at any point, structural continuity being again 
established when the mesenteries are indrawn. On examining the surface of the column wall, 
immediately on withdrawal of the filaments, the apertures could be observed, and have been found 
to remain open for a short time; gradually, however, they close over, and all evidence of their 
former presence is lost. 
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On Pl. VII, fig. 64, is given a section through the infolded apical region of Orbicella, in 
which the filament, and the mesentery to which it is attached, are shown in the act of passing 
through an actual perforation of the column wall. The extra-polypal portion of the filament is 
charged with numerous, large, thin-walled, oval nematocysts, and the disrupted column wall 
reveals no histological peculiarities. 

The extrusions from coral polyps can scarcely be compared with the ejection of **Acontia,” 
a phenomenon characteristic of the Sagartine among the Actiniaria. Acontia are thread-like 
structures, which are but feebly attached to the mesenteries, and pass through permanent aper- 
tures (cinclides) in the column wall of the polyps, or through the mouth, the mesentery in no 
ways following. If not wholly liberated from the polyp, the acontium can be indrawn. The 
extruded filaments of corals, on the other hand, still retain their normal position along the 
contorted edge of the mesentery, and a portion of the latter passes out along with them. The 
function of both is probably the same, as in each case the organs are strongly charged with 
nematocysts, and less so with gland cells. 


ORIGIN OF MESENTERIAL FILAMENTS. 


Probably there is no subject affording greater diversity of opinion among writers on the 
Anthozoa than that of the ectodermal or endodermal origin of the mesenterial filaments. In the 
Aleyonaria the problem has been made the subject of special study by E. B. Wilson (1884); in 
the Actiniaria, by MeMurrich (1891); while H. V. Wilson (1888) has made it the object of lengthy 
notice in the coral ALanicina. 

The actual facts of the case are briefly as follows: In the adult polyps of all three groups, 
the stomodeal ectoderm is in absolute continuity with the mesenterial filaments of the complete 
mesenteries, as the latter become free at the lower termination of the stomodzeum, and the two 
agree closely enough in their histological detail to suggest a common origin. Further, the fila- 
ment differs markedly in structure from the mesenterial endoderm, and would thus appear to 
have no connection with this layer. Likewise in very early larval stages, the same unbroken 
passage from the stomodieal ectoderm to the filament is often found to exist, though rudiments 
of the filaments may be present on the primary mesenteries before or independently of their 
union with the stomodeum. Were the complete mesenteries only to be taken into account, as 
in the Aleyonaria, the problem would be much simplified, but in both Madreporaria and 
Actiniaria exactly similar filaments to those on complete mesenteries are found on the incomplete 
mesenteries, which remain free from the stomodzeum, and hence are never in continuity with 
its ectodermal lining. 

The independence of the filamental and stomodeal tissues within the early larva or bud, 
along with their histological difference, led E. B. Wilson to regard the six ventral filaments in 
the Aleyonaria as endodermal; on the other hand, the apparent continuity with the stomodzal 
ectoderm of the two dorsal filaments from the beginning, and the closer histological resemblance 
of the two structures, caused Wilson to regard these as ectodermal. 

From evidence of a like character, MeMurrich, in 1891, came to the conclusion that the 
Driisenstreif or glandular streak on the middle lobe of the Actinian filament is of endodermal 
origin, while the ciliated bands on the lateral lobes are ectoaermal. Returning to the con- 
troversy in 1899, MeMurrich, from his investigations of the mesenterial filaments in Zoanthus 
sociatus, again concludes that the ciliated bands must be conceived as ontogenetically distinct from 
the glandular streaks. Regarding the ectoderm and endoderm of the Colentera as representing 
but an approximation to the diblastic condition of the higher groups, McMurrich is constrained to 
regard the distinction between an ectodermal and endodermal origin of any of the organs as 
of relatively little moment. With this understanding, he concludes: ‘‘the ciliated bands are 
probably in all cases ectodermal, and that in some mesenteries at least, the glandular streaks are 
endodermal, yet I am prepared to accept as correct the ectodermal origin of the glandular streaks 
in other mesenteries.” The ‘‘intermediate” epithelium of the trilobed Actinian filament 
MeMurrich is inclined to regard as ectodermal; my own observations, on species where it is 
favorably developed for study, lead me to consider it as endodermal. 
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The structural uniformity of the filaments in all Madreporaria, and the absence of lateral 
lobes bearing ciliated bands, simplifies the matter somewhat in this group, as compared with the 
Actiniaria. From its relationships to the mesentery, its form and histological structure, the 
Madreporarian filament for the greater part of its course undoubtedly corresponds with 
the middle lobe of the Actinian filament. In the simple condition of the latter, the organs are 
indistinguishable in the two groups, and without doubt a common phylogenetic origin must 
be assigned them. 

In connection with the origin of the filaments, H. V. Wilson was the first to attach impor- 
tance to a reflection of the stomodal ectoderm, which takes place at the inner termination of the 
stomodeum. This occurs in both adult and larval polyps. On Pl. VI, fig. 51, representing a 
transverse section through the terminal stomodzal region of an adult polyp of C/adocora, the 
ectoderm is seen to line not only the outer surface of the wall, but has also become folded round 
the edge of the stomodeum, and comes to occupy the inner or endodermal surface of the 
organ, thence passing for some distance along both faces of the complete mesenteries, and 
seeming to give rise to the mesenterial filaments as the mesenteries become free. Similarly, on 
the left side of fig. 56, a vertical section through the stomodeum of Cladocora, the ectoderm 
becomes folded at the termination of the wall, and is then continuous with the mesenterial 
filament. The right side of fig. 2 shows the same relationship in J/adrepora. 

On Pl. XIV, fig. 112, a transverse section through an early larva of wea, also displays a 
tissue on the endodermal surface of the stomodeeum, in all respects resembling that of the 
stomodeal ectoderm. Separated by the first pair of mesenteries, it forms a distinct, deeply- 
staining lobe, in both the larger and smaller primary chambers, and differs greatly from the 
surrounding endoderm. In sections a little higher, the reflected ectoderm is wholly wanting, 
and the stomodal lining is purely endodermal (¢/, figs. 126, 127). 

The stomodal ectoderm, reflected in this way around the lower edge of the stomodzeal wall, 
occurs to a greater or less degree in probably all Madreporaria. Invariably, the mesenterial 
filaments of the complete mesenteries seem as if they took their origin from it, and the histo- 
logical resemblance is very close. The extent of the reflection along the ccelomic surface of the 
stomodeum, and also outwardly along the mesenterial faces, varies much with the amount of 
retraction or expansion of the polyps, for in the latter condition the stomodzal wall and edge of 
the mesentery come to be almost in the same vertical straight line, and no reflection is then 
apparent. 

Wilson, in his studies of the early larvee of J/anicina,found the stomodzum to be applied to 
the column wall, and its ectoderm appeared to pass down the inner surface of the wall, even before 
the first pair of mesenteries had appeared. In later stages the ectoderm of the stomodzum was 
reflected up the endodermal surface, and all the primary mesenteries, except the first pair, were 
considered to receive their filamental tissues from these ectodermal tracts, though some filaments 
were found to be present on the mesenteries before the union of the latter with the stomodeum 
had been effected. With regard to the origin of the filaments on the mesenteries which never 
reach the stomodeum, probably few students of the embryology of the Anthozoa will be 
prepared to follow Wilson in his suggestion (p. 220) that these receive their ectoderm from 
a reflection along the entire length of the coelomic surface of the stomodzeum and peristome 
(the epithelium «, of Wilson’s figs. 50 and 55). Its acceptance, in the case of the incomplete 
mesenteries of some species, would demand that the inner lining of nearly the whole of the 
upper region of the polyps should consist of ectodermal tracts. 

A typical example of the condition of the filaments found in larve is presented by the 
transverse sections of the larva of Hav/a fragum represented on Pl. XIV. For the greater 
part of its length the inner (ccelenteric) layer of the stomodeum resembles the rest of the endo- 
derm, but toward the internal end it begins to assume a histological character more nearly 
resembling that, of the ectodermal lining. The cells are now narrow and closely arranged, and 
the numerous brightly-staining nuclei form a definite zone, marking off the region very distinctly 
from the ordinary endoderm. ‘This is the so-called ‘* reflected ectoderm” of Anthozoan literature. 
In Favia it passes along the first pairs of mesenteries for a short distance, and as these sever 
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their connection with the stomodzeum they are tipped with a tissue of like nature. Increasing in 
extent, it is continued as the mesenterial filament along the edge of the first pair of mesenteries, 
almost as far as their termination at the aboral end of the laryee, ceasing on one mesentery a little 
in advance of the other (cf, also Pls. XVIII, XXY). 

At this early stage the mesenterial filament is not sharply marked off, except histologically, 
from the rest of the mesenterial epithelium. Its numerous nuclei stain brilliantly in borax 
varmine, and structurally it is indistinguishable from the stomodzal ectoderm. This resem- 
blance, combined with the absolute continuity of the two at the commencement of the filaments, 
would seem to remoye all doubt that the two—stomodveal ectoderm and the mesenterial filaments— 
are of one and the same origin. 

But the conclusion becomes less certain when the incomplete mesenteries are taken into 
account, for along their free edge is a tissue of exactly similar nature; yet the mesenteries are in 
no way connected with the stomodzeum, and there is no apparent means by which the incipient 
filament can have been in unity with its ectoderm. 

The early appearance of the filaments on the second pair of mesenteries is represented in 
fig. 112, from a section taken a little above the termination of the stomodeum. At first only 
one mesentery displayed any marginal modification, but in the figure the filament has appeared 
on the other member of the pair, while below it is as strongly developed on both as on the first 
pair of mesenteries, but disappears in advance of the filament of the latter. In some of the 
sections coming below that represented in fig. 112 there is the feeblest hint of the filament on 
the mesenteries of the third pair, which scarcely extend beyond the endodermal lining. 

It is manifest therefore that the filaments on the second pair of mesenteries originate 
quite independently of any connection with the stomodeum and of the reflected ectoderm. 
From a study of the conditions in both the third and the second pairs it is inconceivable how at 
any earlier stage, say before the middle embryonic tissues had broken down, that any such 
connection could have been established. The reflected ectoderm passes backwardly but a short 
distance along the ccelomic surface of the stomodzeum, and there is no possibility of its working 
its way wpward, across what represents the disk, and then downward along the free edge of the 
mesentery. The presence of filaments on the second pair of mesenteries before union with the 
stomodeum would imply that a similar development may also take place on the third pair of 
mesenteries before their union, and sections reveal that such actually oceurs. It is also manifest 
from the sections, that before the union of the mesenteries with the stomodeum is effected, there 
is no means by which the free margin of the former can haye come into contact with the reflected 
ectoderm. 

From the conditions represented in the larvee of corals generally, the conclusion is reached 
that the mesenterial filaments may originate independently of any connection with the stomodzal 
ectoderm, and may therefore be assumed to be endodermal. 

The filaments on both the complete and incomplete mesenteries at the early stages of larval 
development present but little histological differentiation, except in the case of the filament on 
the first mesenterial pair. They consist mainly of supporting cells, and stain much more deeply 
than the ordinary endodermal lining, but gland cells and nematocysts are scarcely determinable. 
Similar details are often presented by the edge of adult mesenteries, which always remain free 
from the stomodeeum, showing that in the orders beyond the primary the filaments originate in 
the same manner. In these cases the filaments may never become fully developed, but remain 
in an incipient or rudimentary condition. This is illustrated by the mesenteries of Orhicella 
ucropora. The six pairs of mesenteries of the first cycle are complete, and filaments are well 
developed below; similar filaments appear on the mesenteries of the second cycle, which fail to 
reach the stomodeum; but on the third cyele of twelve pairs the mesenteries are merely tipped 
with a deeply-staining tissue, which is indistinguishable from that on the filaments of larvee. 
Further, some mesenteries bear incipient filaments only in their upper course, while the organs 
are fully developed below. Cladocora arbuscula also affords similar illustrative examples (PI. 
VII). The edge of a mesentery in its upper course is represented in fig. 57 a, and the filament is 
seen to be quite rudimentary; below the stomodieal region, however, the filament on the same 
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mesentery is fully formed (fig. 57 c). If the filaments of the incomplete mesenteries originate 
from a reflected tract of stomodxal ectoderm, it might reasonably be expected that they would be 
best developed in the uppermost region of the polyp, whereas, as a matter of fact, they are here 
absent or only incipient, even when fully developed below. , 

All the evidence seems to favor the view that in the Madreporaria the mesenterial filaments 
first appear independently of any connection with the ectodermal lining of the stomodeum, but 
that in the case of the complete mesenteries such a continuity is early established, while with 
incomplete mesenteries the separation is permanent. 

When describing the adult mesenteries, it is shown that the first part of the filament differs 
in form and structure from that below, and histologically is indistinguishable from the stomodeal 
ectoderm, with which it is in direct continuity. It is manifest, therefore, that between the 
actual stomodal termination and the commencement of the true filament there is a tract which 
partakes more of the nature of the stomodeal ectoderm than of the filamental tissue. It forms 
the connecting link, as it were, between two tissues which may be considered as wholly distinct 
both phylogenetically and ontogenetically. Such, it may be conceived, is the significance of the 
“reflected ectoderm” as seen in corals. It is the stomodzeal ectoderm passing along the mesentery 
to establish structural continuity with the upwardly growing filament. 

The strongly ciliated character of the stomodval ectoderm marks out the layer as specially 
concerned in the circulation phenomena of the polyp, and the same must be affirmed to a less degree 
of the upper part of the mesenterial filament. For the proper carrying out of this it is manifest 
that a close histological continuity should be maintained between the two structures, and it can 
be conceived that in establishing this the stomodzal ectoderm passes some distance down or 
along the mesenterial edge to meet the upgrowing filament proper. 

The mesenterial filaments on the incomplete mesenteries are the homologue of those on the 
complete filament, but the latter are in more or less direct histological continuity with the 
stomodzal ectoderm by a downgrowth from the latter, while the others are free throughout. 

In his recent paper (1900, p. 78), Appelléf contends for the ectodermal origin of the whole 
Actinian filament, his fig. 25 showing a distinct passage of the stomodzeal ectoderm down the free 
edge of the mesentery. The occurrence of an interval of endoderm between the stomodeal 
ectoderm and early filament, such as MeMurrich (1891) and I (1899) have found in other larvee, 
Appelléf would explain as the result of a more or less accidental severance of continuity upon 
retraction of the larve. Such a suggestion would scarcely be applicable to the conditions 
already described in the larvee of via, for the first indications of the filamental tissue occur at 
very different levels on the various mesenteries, in some instances at a considerable distance 
below the stomodval termination. On the view presented above, the appearances which Appelléf 
describes in U/rtic/na are not directly concerned with the formation of the filament; the downward 
growth of the ectoderm from the stomodzeal wall is merely the means of establishing continuity 
with the true filament which will appear independently below. 


BASAL DISK, SKELETOTROPHIC OR SKELETOGENIC TISSUES. 


Under these terms will be included the three Ceelenterate layers—ectoderm, mesogloea, and 
endoderm—which everywhere cover the surface of the skeleton in the living portion of a coral. 
G. yon Koch (1882) has fully demonstrated that the ectoderm alone is the true skeletogenic layer, 
and is actually adherent to the corallum; but it is convenient to study along with it the associated 
mesoglea and endoderm. ‘The early stages in the growth of the young polyp after fixation 
(Pl. XIX) reveal that the basal disk only is concerned in the formation of the skeleton, and 
therefore all the subsequent foldings, invaginations, and evaginations of the skeletotrophic 
tissues are but so many extensions of this region of the polyp, produced pari passu with the 
deposition of the calcareous particles. The theca, septa, costs, columella, and all the teeth, 
spines, etc., connected with them, represent so many foldings of the basal disk, for all take their 
origin from the same continuous layer, and their surface remains covered by it so long as they 
belong to the living parts of the polyp. 
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In most instances, and especially in the perforate corals, the skeletotrophic layers comprise 
the greater proportion of the soft parts of the colony upon decalcification. The superficial 
tissues as a whole—column wall, tentacles, and disk—are always much less in superficial area 
than the skeleton-covering tissues. The polyps, as a rule, extend a little more deeply within the 
skeleton than is the amount of their expansion above. 

To study with any degree of success the skeletotrophic tissues of a coral, it is necessary that 
decalcification be carried out. Lining the corallum so very closely, it is impossible to make 
a minute examination of the polypal lavers 7m s/tw with the thinness to which sections of the 
skeleton can be ground. In the process of dissolving away the skeleton by means of acids, scarcely 
any distortion of the tissues appears to take place if the latter have been properly hardened, and 
the same may be said of the histology of the skeletogenic layer. 

The polypal region set free by decalcification is very complicated in its detailed characters, 
and varies greatly for each genus. An exact representation may be obtained by making a plaster 
vast of the surface of any dried coral, and then dissolving away the latter. The superficial tissues 
seen in the living or preserved colony are found to represent but a small proportion of the polyp. 


The space formerly occupied by the thecal wall is now free, and in the case of gemmiferous species 
each polyp presents much more individuality than under ordinary conditions, while in fissiparous 
genera, like Meandrinaand Colpophyllia, the polypal systems stand out as very distinct, continuous 
ridges, separated laterally by deep grooves formerly occupied by the collines. The septal and 
columellar projections are now represented by so many deep lateral and vertical inturnings of 
the polypal tissues, and their arrangement can be studied in detail, though adding little to what 
is obtainable from the skeleton itself. 

The height of the decalcified polyp gives the depth to which in the living condition the 
soft tissues extend downward within the corallum, revealing how comparatively superticial in 
every case is the living portion of a colony. For example, after decalcification the polypal tissues 
in Porites astreoides vary from 3 to 5 mm. in thickness; the polyps of Siderastrea radians are 
3mm. in height when freed from the skeleton, and those of the larger S. s/derea are 6 mm. 
Polyps of Orbtcella acropora scarcely extend for 1 cm. within the skeleton of the colony, and the 
same is the case even with the polypal systems of the large colonies of M/eandrina. 

In the upper region of decalcified polyps the skeletotrophic walls as a rule present a 
different structural appearance from those below. Above, they are more transparent and 
delicate looking, but as the lower region is approached the walls gradually become firmer in 
character, white, and strongly opaque. This structural alteration is seen in nearly all the 
forms examined, and is evidently due to the pronounced histological change, referred to below, 
which takes place in the endoderm in passing from above downward. 

Histologically the three skeletotrophic layers differ much among themselves, and also in 
different regions of the polyp. They will now be described as seen in sections. 


ENDODERM. 


In the upper part of any polyp the skeletal endoderm, as a rule, closely resembles that of 
the column wall, disk, and mesenterial epithelium; or, as in Pl. XVIII, fig. 129, it may be some- 
what narrower, being represented by a very simple columnar epithelium. Gland cells of various 
kinds, supporting cells, and scattered zooxanthelle are the usual constituents, but no trace of 
any muscular fibrils nor of a nerve layer has been found. 

As the more proximal regions of the polyps are approached, the layer begins to undergo 
a peculiar modification. It becomes much broader and is highly vacuolated, exhibiting in 


sections a delicately reticular structure, the individuality of the cells being wholly lost (figs. 
129, 78), while the chief constituents—nuclei, cytoplasm, zooxanthelle, and the contents of the 
few granular gland cells—are mostly accumulated in a marginal zone. The differences in char- 
acter between the endoderm in the upper regions and below are represented by figs. 44, 45, and 
73, 75. In Orbicella (Pl. X, tig. 78) the layer is 0.1 mm. broad below, while above it is about 
0.03 mm. in thickness (Pl. LX, fig. 68). 


> 
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In some species the thickened endoderm is crowded throughout its extent with granules 
of various size, which render the layer dense and nearly opaque in sections. This is especially 
characteristic of Astrangia solitaria (Pl. V, figs. 44, 45) and Dichocania stohesi. The granular 
particles are usually non-staining, and are thus distinguished from the nuclei which are also 
present, situated near the margin. In D/chocan/a the granules are green (p. 439). Very rarely 
they are arranged as if constituents of an oval cell; more usually they are scattered uniformly 
through the whole or part of the layer, without any suggestion of being contained in special 
gland cells. The condition in the lower skeletal endoderm of Solenastrea, represented on Pl. X, 
fig. 79, is somewhat intermediate; large cells full of coarse granules occur, and in addition 
to these are many isolated granules. 

The thickened skeletotrophic endoderm of the fissiparous genera J/eandrina, Muanicina, 
Colpophyllia, and also Orbicella has very few contents; a few small scattered nuclei, here and 
there a zooxanthella, and perhaps a few granules, are all that can be made out, the layer being 
vacuolated in either a rounded or irregular manner. In the porose genera Madrepora and 
Porites practically no modification occurs; the skeletotrophic endoderm is much alike in character 
in all parts of the polypal cavity, as well as in the canalicular outgrowths. Also in Siderastreea 
scarcely any difference is apparent between the upper and lower skeletotrophic endoderm 
(Pl. XXIII, fig. 156). This genus is further exceptional in that the calicoblast ectoderm remains 
a broad layer throughout. 

The great thickening of the endoderm sensibly diminishes the mesenterial loculi below; 
while the comparative fewness of the nuclei, their small size, and the sparse protoplasmic 
contents would indicate that the cellular activity is much diminished compared with the upper 
regions of the polyp. 

Wherever the calicoblast layer is in an active condition the endoderm overlying it presents 
a corresponding state. In the upper parts of polyps, where skeletal growth is proceeding as a 
result of the activity of the calicoblasts, the endodermal cells overlying the latter are highly 
protoplasmic, stain deeply, and present all the evidence of functionally active cells. A marked 
instance of this occurs in connection with the aboral termination of the interseptal loculi. It is 
here that from time to time the dissepiments are formed which cut off the polyp from the lower 
portion of the corallum; below the last dissepiment the skeleton may be considered as dead, 
while above it is covered with the soft polypal tissues. The production of dissepiments must 
be constantly taking place in a vigorously growing coral, hence the calicoblasts at the actual 
base remain in a more or less permanent condition of activity, as represented on PI. X, fig. 73. 
The figure shows that the columnar character of the cells is limited to the actual flat base of 
the chambers, the calicoblasts being insignificant along the lateral walls. Fig. 73 is also 
specially instructive as showing how the endoderm immediately overlying the active calicoblast 
layer differs from the layer on the lateral walls, where the calicoblasts are non-active. The 
endoderm has become much thinner, the cells are fully charged with protoplasmic contents, 
and stain deeply. 

The skeletotrophic endoderm overlying the upper parts of septa which may be supposed to 
be in a growing condition, is also much thinner than that lining the wall of the calice and inner 
parts of the septa at the same level. This diversity is very marked in fig. 129, Pl. XXIII, 
representing a mesentery of J/eandrina with the skeletotrophic tissues associated with it. 

It is manifest that the outer calicoblasts can obtain their nutriment and the calcareous salts 
wherewith to form the dissepiments only in so far as these pass through the overlying endoderm 
and mesoglea; hence wherever the former are in a functionally active condition the endoderm 
would be expected to show a corresponding modification, as compared with regions where it 
overlies non-functional cells. 

MESOGL@A, 


The mesolgcea of the skeletotrophic tissues is nearly everywhere a thin lamella, but, as a 
rule, it thickens a little along the line of attachment of the mesenteries to the corallum. At this 
place, and more or less scattered over the whole surface, are found peculiar cone or wedge-shaped 
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structures which appear as processes of the mesoglea. In sections the processes are striated 
toward their free extremity, which in methyl! blue and in carmine always stains much more deeply 
than the remaining mesoglea. Their function would seem to be to bind the soft tissues to the 
corallum. Where the insertion of a mesentery on the column wall is seen in longitudinal section 
the processes appear as represented in fig. 95, Pl. XIII. : 

The nature and origin of the mesogloeal processes has been specially studied by Bourne (1899). 
He shows that they are formed from special ectodermal cells which he terms desmocytes. These 
take their origin from certain cells in the calicoblast layer, and become secondarily attached to the 
mesogloa. The processes thus formed may be known as desmoidal processes, though Bourne 
employs the term desmocyte for them, as well as for the cells by which they are produced. 

The desmoidal processes may occur at any part of the outer skeletotrophic tissues, but are 
most numerous in areas along which the tissues may have to withstand, as it were, the strain 
of any muscular activity of the polyp. The attachment of the mesenteries to the skeletotrophic 
tissues represents such areas, and here desmoidal processes usually occur in numbers. 

Also, as shown in fig. 67, Pl. LX, they are specially developed in colonies along the line of 
separation of one polyp from those adjacent. It is obvious that at the point des. pr. the polyp 
upon expansion will tend to raise the skeletal covering from its adherence to the edge of the 
calice; hence to meet this the skeletotrophic tissues are provided with a special development 
of desmoidal processes. However fully expanded a polyp may be, it is never able to detach 
its basal wall from its adherence to the corallum. 

The whole manner of distribution of the desmoidal processes fully supports Fowler’s (1899) 
suggestion that the structures are special devices for maintaining the adherence of the polypal 
tissues to the skeleton. Their purpose in many ways is comparable with that of the liga- 
ments in the higher animals. They do not occur over the actively growing regions of polyps; 
the skeletotrophic ectoderm is here a continuous epithelium (PI. II, fig. 8). 


ECTODERM OR CALICOBLAST LAYER. 


The basal ectoderm or calicoblast layer is of much importance in studies of the morphology 
of the Madreporaria, seeing that by it is produced the entire skeleton, or coral as popularly 
understood. The nature of the layer, and the mode of formation of the skeleton by it, have been 
the subject of much controversy, with which the names of Milne Edwards and Haime, A. R. 
von Heider, G. von Koch, Miss Ogilvie, and G. C. Bourne are associated. Bourne. (1899) has 
recently summarized the various views as to the structure and formation of the skeleton, and 
has made a very thorough study of the process as it takes place in different genera of Anthozoa. 
With regard to the Madreporarian skeleton he finds, with von Koch, that the calicoblast layer is 
everywhere a simple epithelium, the cells rounded, columnar, or fused together, and that the 
calcareous matter is laid down wholly external to the polyp. He thus differs from yon Heider 
and Ogilvie, who concluded that the calicoblast ectoderm was a multilaminar layer, and that the 
skeleton resulted from calcification within the cells. The calicoblasts described by yon Heider 
are shown to correspond with the desmocytes of Bourne, and are not concerned with the 
secretion of the skeleton. 

The results from the present study fully confirm those of von Koch and Fowler as to the 
unilaminar condition of the calicoblast layer and the ectoplastic formation of the skeleton. 
Usually the layer is only well developed within regions of active growth, as toward the 
uppermost part of the corallites (Pl. H, fig. 8), or aborally, where dissepiments are in course 
of formation (Pl. X, fig. 73). Elsewhere the calicoblasts form an extremely flattened layer; 
in S/derastrea, however, the structure is the same practically throughout the whole of the 
skeletal area (Pl. XXIV). As a rule desmocytes are wanting where the calicoblasts are well 
developed, but are plentiful where the cells are nonactive, especially along the line of attachment 
of the mesenteries to the basal wall. 

In some instances (Madrepora, tig. 16) the skeletogenic ectoderm shows distinct cell 
limitations, as in ordinary columnar epithelium; but generally these are lost, and the contents 
are arranged in a continuous manner and largely vacuolated. 
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Between the calicoblast layer and the actual skeleton, Bourne has found what he terms a 
limiting membrane, separating the polypal wall from the calcareous matter. This occurs 
wherever decalcification of properly preserved material is carefully carried out, but to my mind 
represents the remains of the colloidal matrix in which the skeleton is deposited. At the growing 
apex of Madrepora a continuous ground substance remains after decalcification, and fills the whole 
of the space occupied by the corallum, behaving toward reagents exactly like the mesoglea 
between the ectoderm and endoderm. It presents a striated, scale-like appearance, altogether 
similar to that of the calcareous fibers of the skeleton of Madrepora (figs. 18,19). The striz have 
manifestly been produced by the calcareous skeleton laid down within a perfectly homogeneous 
substance. This latter is evidently secreted by the calicoblasts, but only under the most 
favorable conditions, as near the actual tip of rapidly growing branches, can it be found persisting 
throughout the skeleton. Elsewhere the organic matrix has either wholly disappeared, or is so 
insignificant as not to persist in a continuous form on decalcification. Stages in its disappearance 
can be easily followed in Madrepora, in passing downward from the apex of branches, and it 
becomes obvious that the mesogloea-like covering on the outside of the calicoblast layer is but 
the densest, most recent part of the matrix, which is persistent, and within which calcareous 
fibers will be deposited. 

The skeletotrophic tissues of S/derastreu and Madrepora will be described in somewhat more 
detail. 

The skeletotrophic layers of S/derastrea present certain features which distinguish them 
from most corals (P]. XXIV, figs. 157,160). The endoderm broadens but little in passing from 
above downward; it is strongly vacuolated throughout, and contains numerous granules anda 
few zooxanthelle, but all traces of cellular divisions are lost. The skeletotrophic mesoglea 
is everywhere thin, forming only a mere dividing line between the ectoderm and endoderm. 
The skeletogenic ectoderm has practically disappeared where the mesenterial mesoglea unites 
with the body wall, and the mesoglea has become swollen in a triangular manner, and is finely 
striate, giving rise to desmoidal processes. The latter are found only in association with the 
mesenteries, where these unite with the calicinal wall, or more frequently where perforated by 
synapticula (fig. 159). 

The calicoblast layer of Siderastrea is remarkable in that it persists as a broad, uniform 
layer throughout the polyp, even in regions where the corallum may be assumed to be in a less 
active condition, as along the lateral surface of the septa. Its usual appearance is represented in 
figs. 157,160. It is strongly vacuolated, with numerous fine granules which stain deeply, and seem 
as if constituting a matrix in which the vacuoles are formed. The ectoderm nowhere presents 
the characteristics of a columnar epithelium; cell limitations are indistinguishable, and larger, 
deeply-staining bodies among the granules are probably nuclei. Where decalcification has been 
carefully carried out, fragments of the homogeneous organic ground substance, within which the 
skeleton is deposited, remain behind, closely adherent to the calicoblast layer. 

Sections of decalcified material of MJadrepora through the growing region at the apex of 
branches, usually show a broad, columnar calicoblast epithelium, much broader than the ciliated 
endoderm of the canal system (Pl. LI, figs. 8, 16). Cell limitations are more or less clearly 
indicated, and the cells are largely vacuolated, the protoplasm being finely granular, and more 
concentrated toward the periphery of the layer. The nuclei are rounded and arranged mostly 
along a middle zone, but are not as regular in position, nor as numerous, as in the columnar 
cells of the endoderm. There is no indication whatever that the layer is more than one cell 
thick, or that transverse cell division ever takes place. 

In the first few sections through the actual apex, where the spaces left by decalcification are 
very narrow, the calicoblast layer is even a little broader than in the sections represented, and 
the yacuolization is not so pronounced. In sections some distance from the apex, the layer 
begins to narrow, and soon it is represented by flattened cells which are often scarcely percep- 
tible. This is the condition for the most part throughout the colony, and is inconsistent with 
much functional activity. 
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In the most actively growing regions of the colony, where the calicoblast layer forms a 
broad columnar epithelium, the mesoglea appears as a uniformly thin layer, entirely free from 
any connection with the corallum (figs. 8, 16); but in other areas, when decalcification has been 
carried out slowly, the middle layer displays numerous desmoidal processes on its skeletal surface 
(figs. 7,17). The most perfect forms of desmoidal processes are conical or pyramidal, the base 
projecting outward; usually they are seen in longitudinal section, but occasionally in transverse 
section. Toward their free edge the processes stain much more deeply than elsewhere, and are 
very finely striate, the strie being practically parallel and of equal length. The actual edge of 
the desmoidal processes is usually jagged, as if torn from some attachment. 

Elsewhere the mesoglceal lamella exhibits smaller, less regular elevations, which ave similarly 
deeply stained and striate. When a process is cut through transversely, either radiating strize 
are presented at all the levels, or a punctate appearance is revealed. Nuclei are scattered about 
the origin of the processes, but are never found within it. The processes are undoubted 
outerowths of the thin mesoglceal lamella, the actual continuation being readily observed; but 
the deeply-staining character toward the free edge indicates that some structural alteration has 
taken place. 

Madrepora otters special advantages for a study of the nature and relations of the skeletal 
matrix, as, owing to the rapid growth taking place at the apex of the branches, the admixture of 
ground substance and calcareous deposit is here better preserved than in many corals. In apical 
polyps, which have been hardened in chromic acid, and slowly decalcified by means of weak acetic 
acid, the organic matrix of the skeleton is obtained 7n s/tu. It presents exactly the appearance 
of a striated mesogleal substance, and behaves toward reagents in the same way, and is wholly 
devoid of nuclei. The fine striz are arranged in a scale-like manner (fig. 18). The matrix is 
best deyeloped at the terminal region of the corallites, and is densest toward the polypal surface, 
gradually thinning toward what would be the primary center of calcification within the branch. 
In most preparations it is shrunk from the calicoblast layer. 

Looking at fragments of the corallum under a low magnification (about 60) the surface has 
the appearance of minute imbricating scales. They are somewhat polygonal in outline, and the 
free edge is directed obliquely forward, the whole indicating a spiral arrangement, most 
pronounced in the smaller branches. Under a higher magnification, however, each of the 
apparent scales is seen to be but the exposed terminal portion of an obliquely arranged fiber, 
proceeding from the deeper regions of the corallum, and the superficial scale-like appearance 
is produced by the overlapping of the numerous fibers. This is also seen in sections of the 
skeleton starting from the surface, but the distinction between one fiber and another practically 
disappears a little below the surface. The free edge of each fiber is often slightly jagged, not 
rounded and smooth, as if torn from some other connection. Viewed by transmitted light, each 
fiber has an indistinet, delicate, fibrillar appearance, with alternating lighter and darker trans- 
verse bands, somewhat recalling a striped muscle fiber (fig. 19).” The matrix left upon decalcifi- 
cation is thus closely repeated in the microscopic characteristics of the newly formed skeleton. 

In studying the relations of the corallum to the soft tissues, sections have been made 
through the apical region of branches in which decalcification has but partly proceeded. — It is 
found that the middle portion or center of calcification is the first to disappear by the action of 
the acid, the periphery, where most organic ground substance occurs, being last. 


“Dr. Ogilvie (1896, p. 217) also gives a figure of the ‘enlarged calcareous fibers of Madrepora, terminating in 
what she considers to be calicoblast scales. According to the view there presented, the scales are calcified calico- 
blasts, but as shown above the polypal tissues afford no support for such a conclusion. The organic matrix referred 
to by Miss Ogilvie is proved to be a homogeneous, jelly-like substance secreted by the calicoblast layer, within 
which the calcareous fibrillee are laid down in a scale-like manner. 
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GASTRO-CCELOMIC CAVITY. 


The term gastro-ccelomic is applied to the whole of the internal, endoderm-lined cavity of 
coral polyps, including any outgrowths or continuations which it may possess. In some ways 
the designation is preferable to the terms gastro-vascular cavity or ccelenteron, generally 
employed for the polypal cavity in Anthozoa. For from the considerations of van Beneden 
(1891). and E. B. Wilson (1884), there seems some evidence to support the view that the space but 
incompletely inclosed by the mesenterial filaments is the morphological equivalent of the gastric 
cavity, or enteron, of the higher Metazoa, while the remainder of the internal cavity, partitioned 
by the mesenteries, is the morphological representative of the ccelom of the Enteroccela. 

Among colonial corals the gastro-ccelomic cavities of all the polyps in actual union with one 
another are in communication, and the nutrient fluid can pass from one to the other. This is a 
persistence of the conditions consequent upon asexual development, whether this takes place by 
gemmation or by fissiparity. In gemmation new polyps arise wholly or in part from the column 

yall of other polyps, and the internal cavities of the two are common fora time. Thus the 
developing bud of Jadrepora, shown in the series of figures on PI. III, arises altogether from 
the ccenosareal wall of the colony, and its ccelomic cavity during the primary stages is repre- 
sented by one of the superficial canals of the colony. In the developing polyp of Solenastrea, 
represented in section in Pl. XII, fig. 87, a distinct partition wall, lined with endoderm on 
both sides, now partly separates the bud from the parent; but interruptions occur at more or 
less regular intervals, which permit of a circulation between the two cavities. 

The mode of communication of the various polypal cavities in a colony varies somewhat in 
different forms. In genera like Porites, Siderastrea, and Agaricia, in which the polyps are 
separated from one another merely along a common calicinal wall, intermesenterial apertures 
remain along the line of union, while the polyps are partitioned mesenterially. In S¢derastreea 
septal partitions also oceur, at any rate during retraction; for peripherally the column wall 
comes to rest directly upon the septal covering, so that only a very narrow space is left on each 
side between the mesenterial and the septal wall (Pl. XXIII, fig. 156). The channels of commu- 
nication of four adjacent polyps of /%rdtes over the thecal edge are represented on PI. ILI, fig. 31, 
taken from a section through the superficial region of a colony in which the polyps were in a 
retracted condition. The fragments of the corallum seen are the slightly exsert septa, and the 
‘anals pass over and around them. 

Adjacent polyps of Orbicella and Solenastrxa are also placed in communication intermesen- 
terially at the superficial line of union of the polyps. During retraction the apertures are not 
connected directly with the main cavity, but through the intermediation of its perithecal 
prolongations. The same method of superficial intermesenterial communication holds for the 
contiguous rows in the genera reproducing by incomplete discal fission, e. g., J/eandrina 
(Pl. XX, fig. 138), Colpophyllia, Manicina, Isophyllia. In these, however, the polyps which 
are united in the same discal system have no independent cavity, the one continuous chamber 
is shared in common. The polyps do not attain true individuality; they can best be understood 
as so many mesenterial and stomodeal systems within a general cavity. 

The numerous polyps constituting a colony of Madrepora are likewise in communication by 
means of the superficial canals, which are continuous over the thecal edge withethe main gastric 
vavity (Pl. I, fig. 2); but in the great group to which Madrepora and also Porites belong—the 
Porosa—there is another and more complicated system of communication than that afforded by 
the superficial canals. Anastomosing radial canals are given off by the basal (skeletotrophic) 
part of the body wall, in such a way that they appear as if penetrating the corallum which 
separates one polyp from another, and thus place the different celentera in union; in Madrepora 
they further come into communication with the superficial canals. 

The radial canals are given off very closely in both Porites and Madrepora, and are disposed 
both mesenterially and intermesenterially, without any apparent regularity. As many as five or 
six may be seen in a single transverse section (PI. I, figs. 3-6). They are not so numerous in the 
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upper region of the apical polyps of Madrepora as below. In fig. 2, representing an apical polyp, 
no radial openings occur on either side, though an uninterrupted continuity of the corallum for 
such a distance appears to be somewhat unusual. The superficial canals in exsert corallites of 
Madrepora ave mostly longitudinal in direction; but transverse connections occur, and the canals 
may be also interrupted by skeletal growths. Decalcified preparations show that the canal 
system does not as a rule prolong the gastro-ccelomic cavity at the aboral end of the polyps; in 
both Porites and Madrepora the polyps and their canals are abruptly truncated. 

The internal canal system in the Porosa is morphologically basal in origin. For it is 
established that the whole of the skeletotrophic tissue is derived from the primary basal disk, 
and all its evaginations and invaginations are but so many foldings and complications of the 
walls of this region of the polyp. The canals of the perforate corals may therefore be compared 
with the basal communicating canals of colonial Actiniaria, such as those of Pa/ythoa among the 
Zoanther. Though exerting a profound influence on the character of the corallum, the canal 
system of the Porosa has but little morphological significance, and in any natural classification 
of corals appears altogether unworthy of the importance which has been assigned it by 
systematists. 

The fundamental difference between colonial non-perforate and perforate corals may be 
thus stated: In the Aporosa the gastro-ccelomic cavities of the component polyps of a colony are 
in communication only by superficial apertures along the common line of union of the column 
wall and base, while the Porosa have in addition a means of communication by basal anastomosing 
canals. 

Compared with that of the Actinian polyp the gastro-ccelomic cavity of the Madreporarian 
polyp is much more subdivided and intruded upon, both radially and peripherally, particularly 
in its lower region. In addition to the mesenterial partitions, shared in common with the 
Actiniaria, a like number of radiating septal invaginations usually occurs, while columellar, 
spinous, and synapticular productions still further break it up centrally and peripherally. 
Moreover, the calicinal wall itself is often produced upward as a peripheral, circular wall, 
and, so far as it extends beyond the line of union of the column wall and base, divides the 
ceelomic cavity, as well as its mesenterial partitions, into inner and outer moieties, the latter 
constituting the cavity of the edge-zone or Randplatte. 

During expansion the upper part of living polyps is elevated for some distance wholly 
beyond the corallum, and in distinct polyps the free portion is cylindrical, in form closely 
recalling an Actinian polyp (figs. 46, 48). Here the subdivisions of the gastro-edlomic cavity 
are only mesenteric, and are arranged peripherally into entoccelic and exoceelic chambers in a 
strictly Actinian fashion. The fleshy parts of fissiparous genera likewise become extended 
for several millimeters, the oral disk appearing as a meandering platform fringed by the zone of 
tentacles, and the column wall on either side as a nearly vertical sinuous parapet; the ‘cavity is 
divided into entoceelic and exoccelic chambers, but not with any cyclic regularity. 

In retracted polyps not only is the oral region withdrawn within the calice, but the 
perithecal wall becomes more nearly apposed to that immediately covering the skeleton, and 
closely reproduces the outer corallar form, thus largely obliterating the intervening gastric space. 

Proximally the polypal cavity extends some distance within the corallum, or rather the 
corallum has intruded within the polyp; and in these lower regions the cavity becomes 
subdivided in a most complex manner by skeletal ingrowths. In addition, the skeletotrophic 
endoderm becomes greatly thickened proximally, and further encroaches upon the chambers, 
but apparently the mesenteries always cease before the lower termination of the polypal 
cavity is reached.¢ 
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“Nothing like the peculiar obliteration of the polypal cavity which Sclater (1886) describes in Stephanotrochus 
has been encountered. In all cases the coelomic cavity persists as far as the proximal floor of the polyp. According 
to Bourne (1893, p. 219), the polyp in Fungia does not desert the lower part of the calice, but remains adherent to 
the basal plate. Yet even here Bourne finds that the primary and secondary mesenteries are carried upward as 
erowth proceeds, and are confined always to the upper moiety of the calice; the lower moiety consists only of 
chambers lined with endoderm and undivided by mesenteries. 
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In the upper region of the calice the septal invaginations as a rule stretch but a short distance 
radially into the gastro-ccelomic cavity, the portion of the polypal cavity included between one 
septum and another being spoken of as an interseptal chamber or loculus. As the lower regions 
are approached, the septa extend farther and farther centrally, subdividing the cavity more and 
more, until ultimately they unite in the middle to form or share in the columella. Where such 
central fusion takes place, the gastro-ccelomic cavity is divided into interseptal chambers, which 
in transverse section are wholly distinct from one another, laterally and centrally (figs. 55, 84). 
If the septa of all the cycles, both entoccelic and exoccelic, extend as far as the center of the 
polyp, each chamber is simple, and includes within it only one mesentery (Solenastrea, fig. 84); 
but when younger cycles extend only part way toward the center, each chamber is incompletely 
subdivided, and may contain two or more mesenteries (figs. 54, 55). All stages toward the com- 
plete isolation of the septal chambers are represented in passing a series of transverse sections in 
review, from above downward, the primary septa being the first to unite centrally. Where the 
septa do not completely fuse centrally, in other words, where they do not form a solid 
columella, the interseptal polypal chambers remain in open communication at the middle 

throughout the polyp (Meandrina, Pl. X XI, fig. 142). 

The actual manner in which the interseptal chambers terminate proximally is best studied 
in entire, decalcified polyps. In some species they narrow gradually in an oblique manner, 
while in others they terminate abruptly. Where the chambers are oblique, the polyps gradually 
diminish in transverse area as the lower region is approached, the newer chambers ceasing in 
advance of the older. This is characteristic of the genera Oculina, Havia, Agaricia, Meandrina, 
Manicina, and Isophyllia. In Orbicella, Solenastrea, Siderastrea, Cladocora, Astrangia, Porites, 
and most Madrepora, the polypal chambers are of practically the same sectional area from begin- 
ning to end, though the truncation of the newer chambers may occur a little in advance of that 
of the older. In mature polyps of the last series of genera, the basal floors of the mesenterial 
chambers may all occur at practically the same level, as if all had been cut off by dissepiments 
formed simultaneously. 

Pl. V, fig. 42, representing transverse sections through /or7tes, shows how the central cavity 
is encroached upon by the spine-like, columellar projections; according to the level at which the 
section is made, they may be either distinct or in continuity with the septa. The presence of 
synapticula results ina similar encroachment on the outer regions of S/derastreea, at the same 
time leading to a disappearance of the peripheral portion of the mesenteries (Pl. X-XII). 

The extent to which the gastro-ccelomic cavity may be prolonged over the edge of the calicinal 
wall, before it terminates at the line of communication with the adjacent polyps, varies greatly in 
different species. In the older regions of colonies of Oculina, the interval between one polyp and 
the next may be a centimeter or more; the mesenteries may, however, cease before the spiral 
line of union of contiguous polyps is reached. In Cladocora the outside of the theca may be 
covered for 5 or 6 mm. by the fleshy tissues, and the mesenteries subdivide the inclosed chamber 
for practically the whole distance (Pl. VII, fig. 54). The calicinal wall in Orbicella and 
Solenastrea is prolonged but a short distance above the level at which the contiguous polyps are 
united with one another. Just as the calicular portion of the polypal cavity is partitioned and 
intruded upon by skeletal growths, so is the narrower extracalicular space; the mesenterial 
continuations divide it into vertical chambers, and costal ingrowths usually alternate with the 
mesenteries, corresponding with the septa internally. In Madrepora, where no perithecal 
mesenteries occur, the space is broken up by costate ridges, which are more numerous than the 
septa within. Here, however, the skeletal ridges actually come into contact with the superficial 
wall and support it, and were it not for transverse communications the perithecal cavity would 
be typically represented by a series of distinct vertical canals. 


SYNAPTICULA. 


Synapticula are solid calcareous bars of various form which unite adjacent septa across 
the interseptal loculus. They are formed by the enlargement of granulations on opposite faces 
of adjoining septa, growth continuing until the projections meet in the middle of the interseptal 
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space and fuse, without the presence of any intervening soft tissues. Intermediate stages in the 
formation of indentations of the skeletotrophic walls lining the interseptal spaces are presented 
by corals in which the septa bear only granulations. The complete skeletal fusion necessarily 
leads to the piercing of the skeletotrophie tissues originally covering the granulations, and by 
means of which the caleareous additions are made. The mesentery contained in the interseptal 
chamber is likewise perforated asa result of the skeletal growth across the chamber containing it. 

Much discussion has arisen as to the systematic value to be assigned a synapticulum, accord- 
ing as it is completed by the simple enlargement of two granulations, or by the intercalation of 
one or more additional centers of growth. The former have been termed by Pratz (1882) 
‘False synapticula,” and the latter ‘* True synapticula.” The polypal tissues themselves show no 
distinction, according as one method or the other is followed, and for discussion as to their 
importance in skeletal morphology the works of von Koch (1896, p. 259), Ogilvie (1896, p. 184), 
and Vaughan (1900, p. 47) among others may be consulted. 

The genus S/derastreea is especially favorable for a study of the relationships of the polyp to 
these characteristically Fungid structures (Pls. XXII, XXIII). In the corallum of S/derastrea 
the synapticula are seen as yertical rows of short, thick, nearly cireular bars, stretching from 
one septum to another across the interseptal space, and mainly restricted to the peripheral 
region of each corallite.“ Upon decalcification of a polyp the soft tissues remaining are found 
to be made up of a large number of radiating vertical lamelle. In the upper region these are 
united centrally, but are mostly free from one another below, and all terminate at about the same 
level. The complete separation of the lamelle results from the fact that in the lower region of 
sach corallite the septa extend all the way from the calicinal wall to the central columella, and, 
uniting with the latter, wholly cut off one septal loculus from another. In its natural state 
each lamella is separated basally from the lower part of the corallum by a delicate horizontal 
dissepiment, exactly as in other corals, except that the dissepiment in its course may encounter the 
synapticula. The lamelle thus represent the interseptal polypal tissues freed by decalcification; 
rach consists of two lateral walls which lined adjacent septa, and above contains a single mesentery, 
while below it is empty. 

A surface view of an isolated interseptal lamella, slightly enlarged, is represented on PI. 
XXII, fig. 152. The edge to the right is central in regard to the polyp. For nearly the whole 
of its length the lamella is perforated toward its peripheral border by three rows of round or 
oval apertures. Smaller lamellae may bear only two rows of perforations, while again there 
may be four more or less complete rows in some of the larger polyps. The apertures in the 
lamellie represent the spaces which before decalcification were pierced by the skeletal synapticula, 
and in each corallite the increase takes place above and centrally. 

Various sections of polyps of S. s/derea are represented on Pl. XXIII, and from these the 
relations of the fully formed synapticulum to the polyp as a whole can be ascertained. In both 
transverse and vertical sections each interseptal chamber appears as if composed of several 
wholly distinct segments, the skeletal matter which separates them representing the synapticula. 
Some of the chambers are wholly or in part occupied by a mesentery, while others are 
empty; in the few instances in which the section of a chamber does not include a perforation, 
or rather a synapticulum, the loculus is complete from center to periphery. A consideration 
of the varied appearances which would result from sections at different levels through the 
complete lamella (fig. 152) will aid in an understanding of the appearances presented by the 
different interseptal chambers. The synapticula never wholly isolate any portion of the internal 
cavity, though they must interfere with the effectiveness of the peripheral circulation. 

The sections further demonstrate that a gradual atrophy of the mesenteries takes place in 
the lower and peripheral parts of the polyp as these become invaded by the synapticula. In the 
uppermost polypal regions all the mesenteries are attached to the column wall and disk, and six 
pairs extend inwardly as far as the stomodeum; but a little below the level of the stomodeum 
the peripheral attachment becomes lost, while in the lowest sections no part of the mesenteries 
whatever remains. 


«For excellent representations of the synapticula in Siderastraa see Miss Ogilvie’s paper, 1896, pp. 180-182. 
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All stages in the resorption of the lower parts of the mesenteries can be observed. Where 
the action is in progress the peripheral edge is free and tapering, although the mesentery was 
originally attached by this to the wall (fig. 158). The mesogloea is seen to break up into distinct 
pieces, and the endodermal epithelium is in diilerent stages of disorganization; terminal 
fragments appear as if about to break off, and occasionally free particles are met with. The 
mesenterial débris thus set free is evidently injested by the endodermal epithelium lining the 
chambers, for the layer is here of exceptional thickness and the large cells are crowded with 
granules and irregular fragments, which closely recall those given off from the disintegrating 
mesentery. 

Fig. 153, taken from a retracted polyp, reveals that the mesenteries do not extend as far as 
the most peripheral chambers, although the region represented is no lower than the stomodzeum. 
In some cases a fragment of the mesentery may persist in the second chamber, but its imperfect 
character indicates that it is about to disappear; even where the section does not actually 
encounter a synapticular interruption the peripheral tissue is atrophied. 

In the tangential section, fig. 156, the mesenteries all extend vertically beyond the first 
transverse rows of synapticula, but in the chambers below they begin to exhibit the various 
stages in absorption. 

That the mesenteries are actually pierced by the synapticular formations is manifest from 
the preparations. When serial sections are passed in review, it is seen that the mesentery 
wholly surrounds the upper and more central perforations left by the remoyal of the synapticula, 
and frequently the mesenterial mesogloea becomes swollen, and presents striated areas, such as 
are formed by the desmocytes where a mesentery is inserted on the calicular wall (fig. 157). 

Miss Ogilvie has attributed an altogether different origin to the synapticula, in her account 
of these structures in Fungia and Siderastrea. Commenting (p. 170) upon Bourne’s description 
of the synapticula in /wngia, she states: ‘*The important point is that they neither ‘interrupt’ 
nor ‘pierce’ the mesenteries.” Further, it is assumed all along that the body wall is specially 
invaginated from below to produce them’. Had an examination of the actual polypal tissues 
been made it is impossible to see how any support could have been adduced for such statements, 
any more than would be forthcoming for the production of simple tubercles on the septa. 

Professor Bourne, in his paper, ‘‘ The Anatomy of the Madreporarian coral /ingia” (1887), 
also describes somewhat similar mesenterial relationships in the genus Fingia, only here the 
synapticula are in single vertical or oblique bars, not in vertical rows, as in S/derastrea. In the 
upper regions of the interseptal chambers there are no synapticula, and the mesenteries are free 
to radiate across the whole space between the stomodeum and the periphery of the disk, but in 
the lower portions of the loculi the continuity of the mesenteries becomes interrupted by 
the synapticula. Owing to the much larger number of vertical bars across the broad septa 
of Fungia, the intersynapticular cavities in sections greatly outnumber those of S/derastrea, 
and the mesenteries do not extend wholly across any segment, being represented by a small 
projection at each extremity of the chamber (Bourne’s figs. 13, 15). Bourne’s explanation 
(1887, p. 19) of the significance of the synapticula, that ‘‘ physiologically they seem to serve. 
as stays or buttresses, giving solidity and coherence to the corallum,” is probably the most 
correct of any yet offered. From the disappearance of the mesenteries below, almost pari passu 
with the development of the synapticula, the circulation of the digestive fluids and functional 
activity within the synapticular region becomes diminished, and it is very doubtful if, as Miss 
Ogilvie (p. 171) suggests, the main advantage is that ‘‘an increased endodermal surface is 
afforded within the visceral cavity.” 


@ Acting upon this suggestion of Miss Ogilvie, Delage and Hérouard, in their ‘‘Traité de Zoologie Coneréte, Tome 
II, pt. 2, Les Ceelentérés,”’ 1901, have constructed two ingenious diagrammatic figures (pl. 62, figs. 1, 2), attempting 
to show how the basul infolding of the soft wall of the polyp proceeds in the formation of both bar-like and lamellar 
synapticula. The polyps of Siderastrea give no support whateyer for such a conception. From the interseptal 
lamella represented on Pl. XXII, fig. 152, it is manifest that each synapticulum is formed independently of the 
others, not from a continuous infolding of the basal part of the skeletogenic layer, as Ogilvie and Delage & Hérouard 
assume. 
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Where the mesenteries are pierced and fixed by synapticula it is manifest that their retractile 
power will be lost; hence, only centrally and above will they still be able to extend and retract. 
With this, perhaps, may be associated the fact that the polyps of both S/derastreea and Agaricia 
are able to expand above the corallum the least of any species coming under observation. 
Colonies of the former have been kept in aquaria for months, and the polyps raise themselves 
but little above the corallum. 

COLUMELLA. 


If the aboral surface of a coral polyp be examined after decalcification, either as a whole or 
by means of sections, its middle affords certain indications as to the nature of the columella, If 
the calcareous tissue in the center of the corallite be elevated and solid, it intrudes, as it were, 
into the central basal part of the polyp, just as the septa intrude radially, and upon its 
removal a conical chamber remains. The soft tissues of the interseptal loculi are then wholly 
distinct from one another, for a greater or less vertical distance from the base, and in transverse 
sections the loculi are separated both laterally and centrally (figs. 55, 84). The calcareous 
deposit in these cases extends radially from without the boundary of the polypal tissues to the 
central deposit. If, on the other hand, the middle of the corallite be occupied by a spongy or 
merely convoluted calcareous mass, irregular chambers remain, which represent so much of the 
gastro-celomic cavity of the polyp, and serve to maintain the different interseptal loculi in 
communication (fig. 142). 

The details represented by polypal sections, however, afford no evidence as to how the 
columella has been produced, whether as an upgrowth of the floor of the corallite, or by fusion 
of the free edges of the septa, or by both combined. This can best be ascertained from an 
examination of the skeleton itself. 


ORDER OF APPEARANCE OF SEPTA. 
PROTOSEPTA. 


In accordance with the division of the mesenteries into Protocnemes and Metacnemes, the 
septa appearing in association with them will be described as ‘* Protosepta” and ** Metasepta” 
respectively. The protosepta will include the six primary septa appearing within the primary 
entocceles, and the six septa which appear within the primary exocceles; all the succeeding 
septa, arising within the entocceles or exocceles of the later mesenteries, will be metasepta. The 
septa within the directive entocceles are known as ‘* Directive Septa,” and are axial in position. 
Sometimes, as in Madrepora, these can be distinguished from the other protosepta by their 
greater or less size, and thus give a marked bilateral character to the calices. 

Prof. H. de Lacaze-Duthiers (1873) was the first to observe the origin of the primary septa 
in coral larvee, his researches being conducted upon the simple, perforate coral, Astroédes 
calycularis. The description and figures indicate that twelve independent septa appeared simul- 
taneously, one in each mesenterial chamber, while the young polyp was at the protocnemic 
stage of development. Apparently from the beginning each septum was constituted of three 
pieces, arranged in a Y-shaped manner, the bifurcated end being peripheral. Prof. G. von Koch 
(1882) subsequently obtained similar results for this species, at the same time fully establishing 
the ectodermal origin of the skeleton. In a paper, ‘‘ Evolution du Polypier du /Vabellum 
anthophyllum,” Lacaze-Duthiers (1894) refers to young specimens of this species with only six 
septa and six tentacles, and in later coralla, where twelve septa occur, the members of the second 
eycle are much smaller than those of the first. G. von Koch (1888) had previously demonstrated, 
by means of serial sections of adult coralla, that //abel/um at its earliest stage is provided with 
only six septa, and that an alternating cycle of six appears later. 

In one of his last works on corals, Lacaze-Duthiers (1897) makes further important contribu- 
tions to our knowledge of the early stages in the development of the septa, so far as the process 
can be followed by observations on the living polyp and macerated coralla. A very complete 
series are given, illustrating the appearance of the septa in Balanophyllia regia, as well as notes 
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on those of Caryophyllia and other forms. The corals Leptopsammia and Cladopsaminia, in 
addition to Astrovdes and Balanophyllia, were found with twelve primary septa appearing 
simultaneously. 

Prof. G. von Koch’s paper (1897), on the development of Caryophyllia cyathus, indicates 
that in this imperforate coral the six entoccelic septa are the first to appear, and are early 
attached to the theca, which arises a little later and independently of the septa. The alternating 
exoccelic septa appear somewhat later than the entoccelic, and like them are uniform in size, but 
shorter in their’radial extent. The basal plate preceded the development of the septa, appearing 
at first as six independent, somewhat triangular, calcareous deposits, which afterwards fused 
with one another. Here, again, the protocnemes alone are developed, and only as far as the 
Edwardsia-stage, the fifth and six pairs being incomplete. 

My results on the origin of the septa in the fissiparous coral Janicina areolata, so far as 
they go, coincide with those of Lacaze-Duthiers and yon Koch. The septa appeared as 
upgrowths of the basal plate, covered on both sides by the basal wall of the polyp (fig. 137). The 
first six septa appeared simultaneously, within the entocceles of the larva at the EAdwardsia-stage 
of mesenterial development (fig. 135); on the other hand, no exoccelic septa had arisen when the 
young polyps were preserved, although an interval of over a week had elapsed since the appear- 
ance of the entocelic members. There is good reason to suppose, however, that the primary 
exoceelic members never appear in J/anicina, as exoceelic septa seem to be absent from the 
adult. 

In numerous polyps of Siderastrea radians reared from laryee, the six members of the 
primary cycle of septa appeared simultaneously, within the six primary entocceles, three or four 
days after fixation of the larva, and in practically all cases were equal in size. Each septum 
was at first a simple lamella, with the upper edge distinctly serrated, and the lower edge flat and 
adherent to the glass to which the polyp was affixed. <A day or two after the formation of the 
first cycle of entosepta, the six exosepta began to make their appearance, in some cases practically 
simultaneously, but in others in successive bilateral pairs from the dorsal to the ventral aspect 
of the polyp (p. 492). Thus in fig. 12c, a septum occurs in each of the two dorsal exocceles, a 
rudimentary member in each middle exoccele, while in the yentral chamber no skeletal formation 
is yet apparent. Figs. 4, c, although representing different stages, were taken from two different 
polyps of the same age. 

The young polyps of S/derastrea in the end presented two complete cycles of protosepta, 
a primary cycle consisting of six equal entosepta, and a secondary cycle of six equal exosepta, 
the latter series having appeared later and remaining a little smaller than the former. The 
protoseptal stage was completed within the first fortnight after the extrusion of the larve. In 
the later growth of the septa the peripheral extremities assumed a Y-shape, the additional 
portions appearing in some instances as distinct formations, and in others as continuations of the 
primary simple septum. 

The above examples all agree in the fact that the six entoccelic septa arise simultaneously at 
the developmental stage marked by the presence of six pairs of mesenteries, and with the 
Edwardsian mesenteries alone complete. Lacaze-Duthiers’ figures of Balanophyllia regia 
indicate that when the septa appear all the twelve mesenteries are united with the stomodeum, 
but no microscopic sections were made to confirm this. In Astroides, Balanophyllia, and others, 
the exocceelic septa appear along with the entoccelic, but an interval elapses in Caryophyllia, 
Flabellum, and Siderastrea before this takes place, while in JWanicina they are wholly wanting. 
Where exosepta are developed, the six members usually appear together, but in certain 
polyps of S. radians a decided dorso-ventral succession in bilateral pairs was followed. 

The siniultaneous appearance of the cycle or cycles of protosepta in corals, and their 
uniformity in size, are in marked contrast with the successive order of development followed 
by the pairs of protocnemes. In no case do the septa appear until the six primary pairs of 
mesenteries are fully established, and then the six members of the cycle arise together. The 
septal sequence most nearly conforms with that of the tentacular, in which the members of acom- 
plete cycle, or both inner and outer cycles, appear together. 
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[It must be borne in mind that the protoenemes are practically established at the time the 
larva settles, and that no skeletal formation takes place before the sedentary stage is assumed. 
During the subsequent growth of the coral, the new septa (metasepta) are found to arise in a 
dorso-ventral succession, approximately par? passw with the pairs of mesenteries, and it may be 
conceived that if the larvee settled with only a few pairs of mesenteries developed then the primary 
septa would show a corresponding succession in their appearance. 

In most adult polyps of Porites and Madrepora the protoseptal stage is retained, six ento- 
coelic members and six exoccelic forming a larger and a smaller cycle. Very often some of the 
twelve septa are wanting, and usually one or both of the directive septa are much larger than 


Fig. 12. 
S el lians.—Series illustrating the development of the protosepta in larval polyps The outer white ring represents the epitheca. 
osepta are present, developed simultaneously. 6, Six equalsmaller exosepta now occur, also developed simultaneously, 
ix primary entosepta. c, Successive appearance of the exosepta from the dorsal to the ventral aspect of the 


the lateral, thus exhibiting a bilateral symmetry, corresponding with that of the mesenteries and 
tentacles. 

The young bud of JJadrepora, represented in section on Pl. III, proves that in asexual 
growth all the protocnemes may make their appearance before septal development commences, so 
that it seems not improbable that the protosepta may arise simultaneously in bud as well as in 
larval polyps. 

It is manifest from the examination of buds of other genera that the septa occur in accordance 
with the number of the mesenteries at any particular stage, or at any rate their downward 
extension is in conformity with the mesenteries present. It is found that as the mesenteries 
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disappear downward so do the septa; or conversely, as the pairs of mesenteries increase in num- 
ber the septa follow. This is well shown in the series of sections of the bud of Solenastrxa 
on Pl. XII. In the transverse section, represented in fig. 89, nine protocnemes are present, 
and the same number of alternating septa, the latter indicated by the septal invaginations. Only 
one representative of the incomplete fifth and sixth pairs (V) occurs at the stage, and with it is 
associated a smaller septum. This mesentery disappears a few sections below, and then the 
septa become octameral, in correspondence witi the four pairs of mesenteries remaining; as 
others of the mesenteries disappear the septa are found to follow, and in the last section obtained 
(fig. 90) only six mesenteries and six septa occur. 

Whatever be the arrangement of the septa in adult corals, all the evidence seems to indicate 
that either six or twelve protosepta constitute the fundamental plan for all Madreporaria, 
whether recent or extinct. Thus, by means of serial sections, Prof. G. yon Koch (1889) has proved 
that the coral Caryophyllia rugosa, which Moseley (1881), from his studies of the adult, first 
described as octameral, is really hexameral in its early stages. At first, six septa of the primary 
cycle are present, then six septa of the second cycle, and it is only with the appearance of a third 
eycle that modifications are introduced which lead to the production of the adult octameral 
condition. Lacaze-Duthiers (1894) refers to the eight or ten systems of septa exhibited by 
Flabellum, yet the early stages are typically hexamerous. 

Lindstrém’s results in regard to the coral Duncania are also of the same character. 
Pourtalés (1871) regarded this in the first instance as a living member of the order Madreporaria 
Rugosa. With regard to the tetramerism of its septa, Lindstrém, as quoted by Pourtales, 
writes: : 

‘‘There seems to pe no reason to class this species, Duncania, among the Rugosa, which 
commonly are considered to have four septa of the first order. In making a thin section of the 
apex of a Duncania I distinctly saw six septa of the first order, which met in the center.” 

There is also evidence, from the results of Ludwig and Pourtalés, that some of the Paleozoic 
Tetracoralla exhibit a like hexameral primary condition.“ 

Solenastrxa hyades is hexameral as far as the third cycle of septa, but the additions beyond 
this take place in such a manner as to wholly destroy such symmetry. The septa of adult polyps 
of Manicina and Favia, which reproduce by oral fission, exhibit no hexameral plan, yet the early 
stages have been found to be of this type, and such can probably be assumed of fissiparous corals 
generally. 

The instances are sufficient to show how little importance can be attached to the disposition 
of the septa in the adult coral, when discussing the broad relationships within the group. The 
whole history of any form must usually be known before its true nature can be determined, 
or any great importance assigned its adult peculiarities. The soft parts afford the surest guide 
for morphological comparison, from the greater certainty with which the relationships can be 
determined, owing to the many structural details available for correct orientation. 

It has Angle been shown that, as regards the appearance of the twelve e pr otocnemes, there is 
evidence of practical uniformity throughout the Actiniaria and Madreporaria; the several diver- 
gences in the later mesenterial sequence, distinguishing the great groups, make this their starting 
point. As regards the septa, also, there is good reason to expect that the six or twelve proto- 
septa will be found characteristic of both living and extinct corals, and that all the numerous 
types of metaseptal sequence likewise make this their point of divergence. The distinctive 
characters of the principal divisions of the Zoantharia are not manifest from the beginning, but 
from the completion of the protocnemic stage. 


METASEPTA. 


The endeayor to establish the order of appearance of the septa beyond the primary stage 
presents many difficulties; no uncertainty can possibly arise as far as the provosepls al stage, but 


“The subject is further discussed in a paper: “Re ‘lationships of the Rugosa (Tetracoralla) to the oie ing Zoan- 
thee.’’ Johns Hopkins Univ. Cire., vol. xxi, no. 155; also, Ann. Mag. Nat. Hist., ser. 7, vol. x, May, 1902. 
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it is doubtful if the next step in septal development is yet fully understood. Milne Edwards 
and Haime (1857) first attempted with any degree of thoroughness to determine the law govern- 
ing the septal sequence of corals, and gave expression to their general results in the well-known 
figure on Pl. Ad of the Atlas accompanying the “* Historie.” Their investigations, however, were 
conducted almost exclusively upon adult coralla, the determining factors being the comparative 
sizes and radial extent of the different septa. The relative size and extent of the septum were 
conceived to indicate the order of appearance; the largest, most developed septa, were the oldest 
or first formed, the smallest were the last formed. 

Prof. G. von Koch, in the course of his wide and thorough studies of coral morphology, has 
investigated the laws governing the order of appearance of septa more fully than any other 
writer. His results are largely founded upon the order of appearance and relative magnitude of 
the septa in serial sections of fully developed coralla, a method far more likely to yield reliable 
results than an examination of only the superficial characters of the calice. He concludes that in 
the main the law of Milne Edwards and Haime expresses the actual facts of the case—a new sep- 
tum always appears between two older septa, and as a rule a perfect cycle is present before the 
septa of the next cycle arise. 

Unfortunately, there is no account available of the order of development of the first meta- 
septa in their relation to the mesenteries, and yet itis only upon this relationship that the prob- 
lem can be satisfactorily solved. Both Lacaze-Duthiers and yon Koch describe such early stages 
in the formation of the corallum, but in no case is the relationship of the mesenteries indicated. 

One of the facts frequently emphasized in the present investigations is that the formation 
of the septa follows very closely upon the appearance of the mesenteries. In ordinary cases, 
whatever be the number of mesenterial pairs present, an entoseptum and an exoseptum are 
associated with each. This is clearly shown in the serial sections of the young bud of 
Solenastreea (Pl. X11); the polyps of Astrangia (fig. 47), Phyllangia, and Cladocora (fig. 49) are 
also very instructive in this respect. The correspondence in the number of mesenteries and 
septa at all stages can be established with the greatest certainty; if any mesenterial cycle is 
incompletely developed so is the septal. In J/anicina (tig. 182) and /ectinia septa appear as a 
rule only within the entoccelic chambers, but one corresponds with even the youngest of the 
mesenterial pairs. 

Transverse sections of JManicina sometimes reveal septal invaginations within the exoccelic 
chambers, as in fig. 132, although by far the majority are entosepta. On following the sections 
toward the distal region, however, mesenterial pairs are usually encountered which correspond 
with the apparent exoceelic septa seen below. Thus the latter are really entosepta which in their 
downward growth exceed that of the mesenterial pair within whose interspace they occur. 
H. V. Wilson (1888) states that the septa of MJanée/na may for a time be exoceelic, but it is 
doubtful if higher sections would not have revealed the corresponding mesenteries. Bourne 
(1893) also found a few exoccelic septal invaginations in Fungia, though only entosepta are the 
rule; here, again, it is likely that the more distal regions of the polyp would have revealed the 
corresponding mesenterial pairs. 

From an examination of a large number of stages in the growth of various species, it becomes 
manifest that the sequence of the septa beyond the protoseptal stage follows very closely that of 
the mesenteric succession. Knowing then the order of appearance of the mesenteries, that of 
the septa can be determined also. The metacnemes have been shown to appear, not a cycle at a 
time, but in successive bilateral pairs from one aspect of the polyp to the other, and the septa 
must follow a like sequence. Although in the end the mesenteries and septa of any one cycle 
become practically equal in size, yet the early stages render it evident that adult size does not 
conform with order of appearance. 

A difficulty arises, however, in connection with the exosepta. It has been established 
throughout that the exosepta, like the exotentacles, always constitute the last or outermost 
cycle; the entosepta form all the internal cycles, the sum of the entosepta corresponding with 
that of the exosepta. But at all stages in the development of most corals, from the protoseptal 
stage onwards, exosepta occur. The important question therefore arises, whether the exosepta 


- 
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of the early stages become the entosepta of the later or adult stage, or whether the exosepta 
remain exosepta throughout their existence. It is clear that whichever method is followed will 
lead to very different fundamental results in formulating the law of septal sequence. 

The former condition appears to be very generally assumed. According to this, the six 
primary exosepta are considered to represent the second order of entosepta found in the developing 
coral in which the primary and secondary orders of mesenteries haye appeared. The outermost 
cycle of twelve septa, constituting the third cycle, would be exosepta, and represent new forma- 
tions, alternating with the twelve older septa. The twelve pairs of tertiary mesenteries on their 
appearance would include these third-cycle septa within their entocceles, and thus the exosepta of 
a previous stage would become the entosepta of a later stage. The next cycle of septa would 
consist of twenty-four exoccelic members alternating with the first, second, and third cycles, and 
on the appearance of the quaternary mesenteries these would likewise become entosepta, followed 
by a fifth cycle comprising only exosepta. 

My investigations so far give support to the view that the exosepta remain exosepta 
throughout, and that new entosepta arise with the new pairs of mesenteries. The results, how- 
ever, are not yet sufticiently complete to fully establish the method. Such a relationship agrees 
with what actually takes place during the growth of the different cycles of tentacles; an exoten- 
tacle remains an exotentacle throughout the life of the polyp, those appearing early being dis- 
placed by the later entotentacles. 


ASEXUAL REPRODUCTION. 


By far the majority of corals are colonial in habit, and in nearly all cases the colony is 
produced as a result of the non-sexual or vegetative reproduction of an original, sexually-formed, 
simple polyp. It follows that in any study of the Madreporaria much attention must necessarily 
be given to the various methods of polypal increase other than by larve. 

Some few instances are known in which colonies are formed by the direct union or aggrega- 
tion of individuals originally distinct. For these G. yon Koch (1890, p. 376) employs the term 
** Agoregated Colonies,” to distinguish them from colonies produced by the budding or fission of 
asingle polyp. Von Koch describes such aggregated colonies in the usually simple coral, Ba/an- 
ophyllia verrucaria, and shows that in all probability they have been produced from originally 
free and distinct larvee which settled near one another, their skeletons afterwards becoming fused 
in a common deposit. Lacaze-Duthiers (1899) describes the production of somewhat similar 
aggregations, *‘boquets,” in certain specimens of Caryophyll/a obtained from Port Vendres. 
In the process of fixation of the larvee of S/derastrea radians I have actually observed such 
aggregations taking place, and have followed the formation of colonies therefrom as far as the 
production of the tentacles and early stages in the appearance of the skeleton.“ 

The foregoing, however, are only exceptional instances of colony formation, and need not be 
further noticed in any general consideration of the subject. 

The manner in which polypal increase is brought about, whether by budding, or by fission, 
or both combined, varies greatly in different species, and is the main cause of the immense variety 
of form assumed by colonial corals. So far as the resulting types of growth can be studied by 
observation of the skeleton alone, they have been described by writers such as Dana, Milne 
Edwards and Haime, and Dunean, and an extensive terminology has arisen in connection there- 
with. Dr. A. Ortmann (1890), in his paper ‘tDie Morphologie des Skelettes der Steinkorallen 
in Beziehung zur Koloniebildung,” has summarized the methods of colony formation in a very 
detailed manner, and at the close of the account applies the results in part toward a classification 
of the Madreporaria. Von Koch, in various contributions, has also given much attention to 
the process of coral budding, especially as revealed by means of serial sections of the corallum. 
As the earliest stages in the production of any new polyp must necessarily take place within the 
soft tissues of the parent, the study of these should yield results of fundamental importance. 

So far as the species of corals under observation are concerned, all the methods of asexual 
polypal reproduction can be reduced to two types, which result in very different morphological 


a‘* Sgoregated Colonies in Madreporarian Corals.’? Amer. Nat., yol. xxxvi, 1902. 
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conditions. I recognize vegetative growth only by budding and by fission. The differences 
manifested within each division are mainly such as are dependent upon the position and method 
according to which the process takes place, and these do not in any way modify the essential 
distinctions between the two types. 

When studying the mesenteries of adult polyps, two great divisions were determinable. 
In one section, including the genera Orbhicella, Solenastrea, Oculina, Cladocora, Astrangia, 
Phyllangia, and Siderastrea, the mesenteries of all the polyps in a colony were found to be 
arranged according to the regular, hexameral, cyclic plan, with two pairs of directives; while in 
the other section, embracing the genera Kuvia, Dichocwenia, Isophyllia, Manicina, Meandrina, 
and Colpophyllia, the mesenteries have lost their hexameral cyclic regularity, including the 
directives, and little more than a distinction into complete and incomplete pairs can be established. 
It was further found that the first-mentioned group comprises genera whose asexual growth is by 
gemmation, while fissiparity is characteristic of the latter. In whatever position the buds are 
produced, whether on the disk, upper part of column wall, intercalary, marginal, apical, 
cceenosareal, or stolonic, matters not; the polyps retain a hexameral disposition of the organs. 
Also, whether the products of fission assume an individuality, or remain as constituents of a 
complicated system, makes little difference as regards the irregularity of the arrangement of the 
mesenteries, tentacles, and septa. 

This fundamental difference in the adult polyps of the two groups seems to be determined 
by the fact that in gemmation the polyp as a whole is formed practically as a new individual, 
whereas, in fissiparity, some parts at least of the essential organs of the new polyp are obtained 
fully formed from a parent polyp. In the one case the polyp as a whole is free to develop 
according to a definite plan characteristic of the species, while in the other new organs are to be 
added and adapted to parts already formed, and fissiparity may again take place before any 
second regularity has been established. Growth in the one is altogether new, and in the other 
it is patchwork—some regions new, some regions old. 

It has not been possible to determine whether in every case of gemmation the mesenteries are 
formed wholly independent of those of the parent. In some instances they certainly are, and in 
others it seems very probable. In very young buds the mesenteries are already found to be 
wholly cut off from those of adjacent polyps, and the bud is free to develop as symmetrically 
as any sexually-produced polyp. 

Either one or the other method of growth is in the main characteristic of any species; 
sometimes a case of simple fissiparity may be found in a species where gemmation prevails,“ as in 
Madrepora and Porites, but the converse has never been found—that is, the production of buds 
where fissiparity is the rule. 

Intermediate stages are not wanting which seem to indicate how the passage from the one mode 
of colonial growth to the other has been brought about. In corals like Cladocora and Oculina 
the buds usually arise toward the upper extremity of the column wall, and it is easy to understand 
how gemmation may overstep, as it were, the usual boundary and occur on the discal wall. Such 
apparently happens, for occasionally polyps of C. arbuscula and O. diffusa are found in which 
two oral apertures are inclosed within one system of tentacles, and a common column wall and 
theca occur. In such cases the two polyps may be equal, or one may be larger than the 
other. Microscopic examination of these shows that the normal hexameral regularity of one of 
the polyps, along with the presence of two pairs of directives, has in no way been disturbed, and 
the other polyp is either perfectly hexameral, or evidently on the way to become so. Such double 
polyps can certainly not be regarded as fission products, at any rate not according to the plan 
followed where fissiparity prevails. They seem best understood as discal buds, or as examples 
of fissiparous gemmation (see foot-note). 

It is but one step from discal budding to oral fission, or perhaps the conception may be 


“The occasional instances of simple fission in corals reproducing by gemmation have since been found to be a 


” 


modified form of budding, which I have termed ‘ Fissiparous Gemmation”’; the products are altogether different 
from those in ordinary fissiparous growth, being cyclical, hexamerous polyps, with two pairs of directives. This 
discovery greatly strengthens the separation between the two groups of corals. ‘‘ Morphology of the Madre- 
poraria.—lV. Fissiparous Gemmation.’? Ann. Mag. Nat. Hist. (In press. ) 
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simplified by regarding the latter as stomodzal budding; but, as already stated, the step 
involves an important morphological distinction. Although the stages in division of the mouth 
or stomodzeum have not been actually observed, the results to be detailed below prove conclusively 
that in fission the stomodzal wall is actually divided into two equal or unequal parts, and that 
the complete mesenteries inserted on each part go along with it, and help to form the new or 
daughter polyp. The plane of fission is entoccelic, and usually at right angles to the directive 
plane and longer oral axis; hence, only one pair of directives is retained by each of the two 
primary daughter polyps (p. 505). Were fission to proceed no further in all probability the 
mesenteries in their later growth would assume the hexameral plan, and the polyps would only 
differ from a larval or bud polyp in having but one pair of directives. In most instances, 
however, the daughter fission polyps are again subjected to fission, so that they never attain a 
truly regular cyclic character. ; 

The process of polypal gemmation and fissiparity, as revealed by individual species, will 
be briefly described. MJadrepora, Solenastrea, and Cladocora will serve as examples of the 
former, and Manic/na and Favia as illustrations of the Jatter phenomenon. 


BUDDING IN MADREPORA. 


Madrepora is a favorable form on which to study extratentacular gemmation, in a region in 
which there is no perithecal continuation of the mesenteries (ccenosarc). The early stages are 
reproduced on PI. III, figs. 22-27, taken from longitudinal sections of a very young bud, a little 
below the apex of a branch. 

All the sections represented are from the left side of the median axis of the bud, but the 
sections on the other side exhibit the same details. The right end is upper in relation to the axis 
of the branch on which the bud was situated, and the left endis lower. Fig. 22 is from the median 
dorso-ventral plane passing through the stomodeum and the axial entocceles. The polyp is yet 
searcely raised aboye the general surface of the ccenosare; the ridges above and below (right 
and left in figure) probably indicate the commencement of the axial entoccelic tentatcles, and the 
included depression the central part of the oral disk. Compared with that of the colony 
generally, no histological difference is yet presented by the outer ectoderm. Communication 
between the exterior and the superficial canal system has just been definitely established, the 
mesoglea of the ccenosare passing directly into that of the stomodeal wall. The stomodeal 
walls hang freely within a superficial longitudinal canal, differing in no important respect from the 
others around; but as the sections are taken in a longitudinal direction, the canals appear much 
longer than in the case of transverse sections (PI. I, figs. 2-6). The endoderm of the canal has 
undergone a marked alteration from that lining the canals and gastric cavity of the polyps. It 
is broader, more strongly ciliated, non-vacuolated, and zooxanthelle are practically absent, though 
present in the surrounding canals; long, narrow, supporting cells, with abundant protoplasmic 
contents, are the chief constituents. As best shown in figs. 23 and 24, the endoderm of the canal 
becomes thinner and more normal toward the periphery of the chamber; the inner and outer 
layers—ectoderm and endoderm—of the stomodzeal walls are histologically alike. 

The stomodeal wall for a few sections beyond that represented in fig. 22 appears as a 
projection from the superficial wall of the colony, hanging freely within the canal; the periphery 
of the projection exhibits four vertical mesoglceal strands, connected with a lower transyerse 
strand. Later, as shown in fig. 23, three central cavities appear and separate the ridges into 
four distinct components. The lower transverse connecting strand is the horizontal continuation 
of the stomedeal wall, and the vertical strands represent the mesenteries, not yet separated from 
one another. The stomodzeal wall is continued, as it were, along the free edges of the mesenteries, 
as often happens in adult polyps. In the next section, fig. 24, the upper and lower (right 
and left) projections have become free, but the two inner are still united by the stomodeal 
prolongation. 

The two inner mesenteries afterwards, fig. 25, become free, and now the uppermost of 
the four is united with the boundary layer of the canal, and in the later sections ceases to exist. 
Immediately below the uppermost mesentery is a slight projection of the ccenosarcal endoderm 
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surrounding a mesogloeal axis, which represents a rudimentary mesentery; and a few sections 
beyond, another rudimentary mesentery is revealed. Thus the six mesenteries of one side of 
the adult polyp of J/adrepora are accounted for, four large and two small. The upper and 
lowermost of the four complete mesenteries now begin to diminish in size, and in fig. 26 
have disappeared at the place at which the skeletotrophic layer of the canal is united with the 
ceenosare; the uppermost of the two rudimentary mesenteries has likewise passed away. 
There now remain only the two middle mesenteries of the larger four, and the lower of the 
rudimentary two, and of the former, the upper is much larger than the lower. The difference 
is more marked in fig. 27, where the lower mesentery is disappearing, again at the union 
of the skeletotrophic layer with the superficial wall; the rudimentary mesentery has already 
disappeared. A little later, the remaining mesentery has united with the skeletotrophic layer, 
and is soon lost in sections beyond. 

The series of sections illustrates, in the clearest manner, that buds of J/adrepora arise 
along the superficial wall of a simple external canal, independently of any structural connection 
with the other polyps, though in communication with them by means of the canal system. The 
six pairs of mesenteries are fully established before the tentacles appear, and the septa are as 
yet wholly unrepresented. The rudimentary stage of the bud as a whole would indicate that 
very little time elapses between the development of the different pairs of mesenteries, if, 
indeed, they do not appear simultaneously. Four of the pairs of mesenteries unite early with 
the stomodeum, probably originating along with it; the two remaining pairs are independent 
of the stomodeum throughout. The complete and incomplete nature of the mesenteries thus 
early indicated is retained in the adult polyp; for a short distance the four larger complete 
mesenteries are already united with the skeletotrophic tissues, but the others haye a free course 
from beginning to end. 

The musculature at this stage is too rudimentary to afford any assistance in determining 
which are the directive mesenteries. But comparing the arrangement with that in transverse 
sections of Madrepora (Pl. 1), there can be no doubt that the four pairs of mesenteries inserted 
on the stomodxeum represent the eight complete mesenteries, which in the adult extend along the 
stomodeeum, and that the two pairs of rudimentary mesenteries correspond with the free pairs, 
Vand VI, of the adult. The outer mesenteries, right and left, will be the directives III and LV, 
and the two inner pairs, I and II, will be the first and second bilateral pairs. The right end of 
the sections being upper or axial, and the left end lower or abaxial, in relation to the colony, it 
is clear that the axial-abaxial relations of the complete and incomplete mesenteries are exactly 
as in an adult polyp. 

Each of the complete mesenteries, on becoming free from the stomodzum, is somewhat 
club-shaped in section, but no sharp distinction yet exists between the filamental portion 
and the epithelium along each face, or, indeed, from the endoderm of the outer wall generally. 
On Pl. 11, fig. 20, is represented the mesentery from another bud, at a somewhat later stage, 
showing the early development of the filament. The terminal region stains a little more 
deeply than the lateral, owing to the greater closeness of the cells, and consequent greater 
number of nuclei, but the tissue passes into that of the mesenterial endoderm by an insensible 
gradation. The gland cells and nematoblasts, characteristic of the adult filament, are not yet 
distinguishable. 

The strong ciliation of the whole endoderm in the bud, in the earliest stages of development, 
is probably to be associated with the greater need of bringing an extra supply of nutrient fluid 
to the rapidly growing parts, while as yet the polyp is unable to take in food for itself through 
the oral aperture. It is only later, when direct communication with the exterior has been 
established for some time, that the different polypal functions become more restricted to special 
regions, and these exhibit corresponding histological modifications. 

The subsequent development of the J/adrepora bud takes place by an upward growth beyond 
the general surface of the colony. In radial polyps the lower (sulcular) region grows more 
rapidly than the upper (sulear), so that the former comes to lie outside and the latter on the 
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inside in regard to the axis of the branch. In this way the axial and abaxial relations are 
established. 

Dr. G. H. Fowler (1887, p. 12) has contributed some brief notes upon the budding of 
Madrepora aspera (Dana), founded upon an examination of the soft tissues of the developing 
polyps at the apex of the branches, while G. von Koch, in his paper ‘* Die ungeschlechtliche 
Vermehrung (Knospung und Stockbildung) von Madrepora,” 1893, has made an important 
study of the same subject, but more particularly with regard to the skeleton. The short account 
of Fowler indicates that the stomodeum is invaginated to a considerable depth into the future 
polyp cavity before it is perforated, and also apparently before any mesenteries arise. The first 
mesenteries, already bearing filaments, are formed from the walls of the canals, apparently 
independently of the rest of the polyp, the connection with the stomodeum being established 
later. The process of gemmation in Fowler’s species is thus altogether different from that 
in the West Indian Madrepora. 

Many attempts have been made to obtain the early stages in the gemmation of Porites, 
but without any material results. Sections through polyps with six or eight tentacles show : 
corresponding number of complete mesenteries, but the remaining members necessary to 
make up the normal six pairs are also present, though not developed to the same degree as 
in older polyps. It may be that in Porites, as in Madrepora, the full complement of twelve 
protocnemes is produced at a very early stage and before the tentacles make their appearance. 


BUDDING IN SOLENASTRAA. 


Among Astrean colonies, such as Orbicella and Solenastrea, new polyps may be either 
intercalary or marginal in origin. By means of the latter the colony spreads laterally, while the 
intercalary buds serve to occupy the larger superficial area as the colony rises in height. 

The earliest marginal buds observable in colonies of Solenastrea are already separated from 
adjacent polyps on the inner side by an external groove, while the outer side, forming the 
periphery of the colony, is necessarily independent of other polyps. Sections made through one 
of these marginal buds, preserved in the expanded condition, reveal at different levels the details 
represented on Pl. XII, figs. 86-90. 

Through the transparent tissues eight perfect mesenteries were seen to be already developed, 
but no tentacles were yet apparent. Fig. 86 is from a transverse section through the free 
stomodieal region of the column wall. All the protocnemes are present, but only the eight 
Edwardsian mesenteries are yet complete, while in the exoccele on each side of the dorsal 
directives the rudiments of a pair of second-cycle mesenteries (A, A) are visible. 

The section represented in fig. 87 reveals the conditions at the level at which the bud is 
connected with the mother polyp on the inner side, but is free on its outer aspect; from the 
arrangement of the mesenteries the outer side is seen to be the sulcar or ventral aspect, and the 
inner the sulcular or dorsal border. The eight Edwardsian mesenteries alone bear mesenterial 
filaments, and the retractor muscles are sufficiently well developed to enable the pairs of directives 
to be determined. The pairs of metacnemes within the sulculo-lateral exocceles are better 
developed than in the previous figure, and another pair (B) has appeared in the left middle lateral 
exoceele, but the corresponding pair on the right side is undeveloped, and at this stage mesentery 
V has nearly disappeared on the same side. The boundary wall between the bud and the fully 
developed polyp is perforated in a number of places, and by this means communication between 
the gastro-coelomic cavity of each is permitted. The portions of the skeleton of the adult polyp, 
added on the upper part of the section, represent the exsert septa, the polyp being in an expanded 
condition; the entoccelic septa are large and the exoccelic small. No continuity between the 
mesenteries of the bud of the adult polyp are represented in this or any of the sections. To the 
right, at the angle between the wall of the bud and the adjacent polyp, are the first indications of 
another bud. 

Fig. 88 is taken from the region of the polyp wholly embedded in the corallum, except for 
a limited area on the right upper side; the bud polyp is now entirely separated from that 
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adjacent. On the right upper side of the directive axis the fifth and sixth protocnemes, 
incomplete from the beginning, have now disappeared, as is also the case with the pair of 
metacnemes on the same side. Mesenterial filaments are no longer present on the dorsal directives 
(IV, IV), and the pair of metacnemes has also disappeared from the middle exoeccele on the left 
side, but the dorsal pair (A), though very feeble, still persists. 

The arrangement of the septal ingrowths, present as yet only on the left lower side, is very 
instructive. The largest occur within the entoccele of the pairs of directives; two are found 
between the left dorsal mesentery and the mesentery of the first bilateral pair ([V-II); two 
between this last mesentery and the mesentery of the second bilateral pair (II-I), while only one 
appears between this and the left ventral directive (I-III). Three of the septal invaginations 
are exoceelic, the exoccele of the dorso-lateral pair of protocnemes (II, V) is provided with one, 
but the septum of the exoccele of the ventro-lateral pair (I, VI) is as yet undeveloped. The 
entoccele of the persistent pair of metacnemes (A) also contains an invagination. 

In the section from a still lower region, represented in fig. 89, fully developed filaments 
are retained only on the first three bilateral pairs of protocnemes. Only nine mesenteries are 
present, the mesentery remaining in addition to the Edwardsian mesenteries is the fifth member 
of the left side. A septum occupies each chamber between any two mesenteries, whether the 
two constitute a pair or not; the septum in the entoccele of the left dorso-lateral pair is small, 
and soon disappears along with mesentery V. The skeletal fragments within the middle of the 
gastro-ccelomic cavity represent the first appearance of the columellar projections. 

In fig. 90 only mere traces of six of the mesenteries persist, the first pair being the strongest; 
the number of septa is also six, corresponding with the number of mesenteries. With one 
exception the septa are all united in the middle, otherwise the gastro-ccelomic cavity is divided 
into as many separate chambers as there are septa. 

Another bud of about the same age presents a different condition with regard to the 
appearance of the first two pairs of metacnemes from that just described (fig. 82). The 
protocnemes are at the Hdwards/a-stage, and within each of the median lateral exocceles are the 
rudiments of a bilateral pair of metacnemes (A, A), which are somewhat better developed in 
sections below the stomodieum. 

The tentacles in the bud have already appeared, and exhibit an interesting stage. Fig. 83 
is taken from a slightly oblique section, the upper half through the free portion of the tentacles, 
and the lower through their attachment to the periphery of the disk. The polyp was expanded 
to such a degree that the peristome projected in a cone-like manner beyond the zone of tentacles, 
and, as seen in the middle of the section, the Edwardsian mesentaries extend as far as the 
stomodeeal walls. Ten of the tentacles show a regular alternation of large and small members, 
and, superposing the section on that in fig. 82, the tentacles arising from the entocceles are seen 
to be the larger, and those from the exocceles the smaller. In place of the single median lateral 
prototentacle on each side are three tentacles, as yet incompletely formed. These will be found 
to correspond in position with the incipient pair of metacnemes in the median lateral exocceles, 
and serve to establish that the metatentacles arise practically simultaneously with the metacnemes, 
an entoceelic and an exoccelic member together. 

A third bud, somewhat older than either of the two described, was also studied, and the 
details of its lower region are represented on Pl. XIII, fig. 91. The upper right side is the border 
toward the centre of the colony, and the lower left side is the outer aspect. The relationships of 
the mesenteries, as before, show the inner border to be the sulcular aspect, and the outer border 
the sulcar. In the stomodveal area six pairs of protocnemes and six pairs of metacnemes occur, 
and of the former all the pairs are complete on one side, but the members of the fifth and sixth 
pairs are incomplete on the other side. 

In the region represented only four pairs of the metacnemes occur, the two pairs on the 
upper left side having disappeared some distance above. Mesenterial filaments occur on the 
Edwardsian mesenteries, but not on the fifth and sixth bilateral pairs; and septal invaginations, 
both entoccelic and exoccelic, appear within practically all the mesenterial spaces. 

The lower sections demonstrate the same relation as in the previous bud, namely, that as the 
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mesenteries disappear, so do the corresponding septal invaginations; the metacnemes disappear 
first in unilateral pairs, the protoenemes in bilateral pairs. In the anterior part of the section is 
seen the beginning of another polyp. 

Two somewhat older buds sectionized presented the following conditions: In one only ten 
pairs of mesenteries were developed, five complete and five incomplete, in regular alternation; in 
the other eleven pairs occurred, six complete and five incomplete. 

The results thus briefly indicated may be summarized: 

(1) The polyps of Solenastrea, produced asexually by gemmation, pass through the Ldiwardsia- 
stage of mesenterial development, in which four pairs of the protocnemes are complete and two 
pairs incomplete, just as in larval polyps. 

(2) The metacnemes begin to make their appearance before this stage is passed over, that is, 
before the union of the fifth and sixth pairs of protocnemes with the stomodzeum takes place. 

(3) The first metacnemes appear along the polypal wall, at about the level of the inner termi- 
nation of the stomodzum, as isocnemic pairs within the dorsal or suleular primary exocceles, but 
in one case within the median lateral exocceles. 

(4) In relation to the colony as a whole the dorsal or sulcular side is inner (axial), and the 
ventral or sulcar outer (abaxial). The succession of the metacnemes is therefore dorso-ventral, 
antero-posterior, or from the axial to the abaxial side of the bud. 

(5) The mesenterial filaments and mesenteries disappear below inversely as the order of their 
development; first, the metacnemes in unilateral pairs, then the protocnemes in bilateral pairs. 

(6) In the same transverse section the growth on one side of a polyp may be slightly in 
advance of the growth on the other side. 

(7) The metasepta and metatentacles, both entoccelic and exoccelic, arise practically part 
passu with the mesenteries. 

BUDDING IN CLADOCORA. 


The young buds in Cladocora arbuscula generally occur singly toward the upper part of the 
column wall of the terminal polyp of the sub-colonies. What seems to be discal budding has also 
been found to take place, when both the parent and daughter polyps are surrounded by a con- 
tinuous system of tentacles and a single column wall; but the extratentacular buds seem rarely to 
arise above the level of the corallite. The reproductive power of any polyp is very limited, for 
as a rule not more than three or four polyps are connected in a sub-colony, and among these is 
rarely more than one immature example. Each polyp in its turn may give rise to buds, either 
before or after becoming distinct from the rest of the sub-colony. At a very early stage the 
growth of the lower abaxial aspect of the bud is in advance of the upper or axial aspect, thus 
giving rise to the obliquity of the polyps to one another. 

Numerous extratentacular buds of slightly different sizes have been studied, and in most 
specimens eight complete and four incomplete mesenteries are already present, their arrangement 
and musculature agreeing with that of the protocnemes in larve of the same stage. In one 
case the fifth and sixth developmental pairs were absent, and, following the sections downward, 
only four mesenteries were present a short distance below the stomodeum; then two of these 
disappeared; the two remaining, which represented the first developmental pair of mesenteries, 
were continued much farther, and bore mesenterial filaments almost to their termination. At 
this early stage none of the mesenteries were in any way connected with the extrathecal continu- 
ations of the mesenteries of the parent polyp, so that evidently the buds arise on the column 
wall quite independently of any of the other organs of the parent, as happens in Jadrepora, and 
as appears to be also the case in Solenastrea. 

Pl. VIII, fig. 61, represents a transverse section through a bud in which two pairs of metac- 
nemes have appeared, in addition to the six pairs of protocnemes. Owing to the difference of 
level at which the corresponding details occur on the inner and outer surface, as a result of the 
obliquity of growth, it is usually impossible to obtain all that is desired in one section; the figure 
is therefore a combination of the inner and outer regions of sections at slightly different levels. 
Above the bud is a portion of the edge-zone of an adjacent polyp. 
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The suleo-suleular axis is a little to the side of the axial-abaxial plane. Only the eight 
Edwardsian mesenteries bear mesenterial filaments, and these alone are complete. A pair of 
metacnemes (A) have made their appearance in the exoccele on each side of the sulcar directives; 
they are feebly developed, and extend for only a few sections below the termination of the 
stomodeum. The three septa—two entosepta and one exoseptum—already developed at the 
upper side of the bud are seen to be continuations of the coste of the adjacent polyp. 

Fig. 62 is taken from a bud at a somewhat later stage, preserved in a partly expanded con- 
dition, so that sections could be obtained almost independently of the skeleton. The specimen is 
exceptional in that only five pairs of protocnemes are present, instead of the usual six. The 
directives lie in the axial-abaxial plane, and development is most forward on the outer abaxial 
aspect of the bud. Five alternating pairs of mesenteries, belonging to the second cycle, have 
made their appearance within the primary exocceles, and the pairs exhibit a progressive order of 
development from one aspect of the polyp to the other: the two lower pairs are the largest, the 
musculature is well developed, and mesenterial filaments occur at their free edge; the middle pairs 
are smaller and without any trace of filaments, while the uppermost pair is quite rudimentary. 
Sections through five exsert septa are shown at the lower border, and are both entoccelic and 
exoceelic. 

The section is of interest as indicating the tendency to irregularities in the early formation 
of the bud, but more particularly as exhibiting the progressive development of the metacnemes 
and their filaments from one side of the polyp toward the opposite side, and the appearance 
of both entoccelic and exoccelic septa in connection with the metacnemes, par? passu with the 
growth of the latter. 

The section represented in fig. 60 is through the protruding cone-like disk of a fully expanded 
young polyp, and is of importance as showing that the fifth developmental pair of protocnemes 
may become complete in adyance of the sixth pair. On the left side is seen the outwardly 
reflected lower edge of the stomodeum passing along the three lateral mesenteries, and the 
ectoderm of the stomodeum has assumed a very symmetrical form. Below the stomodzeum the six 


pairs of protoenemes are equally developed, and the six pairs of the first cycle of metacnemes 
have also made their appearance. 

Extratentacular gemmation in Cladocora proceeds therefore exactly as in Solenastrwa, 
except in the one important fact, the metacnemic succession is reversed. In the latter it is 
from the dorsal to the ventral surface, while in the former it proceeds from the ventral to the 
dorsal. However, before this exceptional sequence in Cladocora can be regarded as established, 
it will be necessary to confirm it on polyps arising directly from larve. 

Transverse sections were made through a double polyp of C/ladocora, that is, one where two 
oral apertures are surrounded by only a single system of tentacles and the two polyps have 
only a common column wall. One polyp was normally hexamerous, having two orders of 
mesenteries, not much differentiated in size, and including two pairs of directives; it differs in 
no essential respect from a normal simple polyp. A small polyp to the left is evidently a bud 
which has arisen on the discal wall of an older polyp, and as yet is imperfectly developed, 
having only seven pairs of mesenteries, including one pair of directives. In the stomodeal 
region four of the pairs are complete and two incomplete. 

If the sections be compared with those of the fission polyps of Meandrina and Favia (p. 505, 
ct scq.) most important distinctions are at once manifest. In the two latter a normally hexamerous 
polyp has become divided through the stomodeum into practically equal halves, each half 
having only a single pair of directives, while in Cladocora a new polyp is growing by the 
side of another, which still retains the primary arrangement of the mesenteries, including two 
pairs of directives.” 

FISSION IN MANICINA. 


Manicina areolata is one of the most favorable corals on which to study the process of 
continuous fission, on account of the readiness with which small colonies provided with only a 


©The morphological significance of such double polyps in Cladocora and other corals has since been fully dis- 
cussed in a paper on ‘‘ Fissiparous Gemmation.’’ See foot-note, p. 496. 
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FiG, 13 (a-e). 

Manicina areolata.—Figs. 13. Series of diagrammatic figures illustrating the mesenterial sequence in larve and larval polyps. a,b are taken 
from H. VY. Wilson’s (1888) account of the deyelopment of this species. a, Stage with two pairs of protocnemes, one pair of which is 
united with the stomodeum (cf. Wilson's fig. 18). b, Stage with three pairs of protocnemes, two pairs united with the stomodeum (ef. 
Wilson’s fig. 27). c, Stage with four pairs of protocnemes (of. Pl. xix, fig. 134). d, Edwardsia-stage. The larva is now fixed and remains 


at this stage for a considerable time, during which the six entocclic septa are developed, and also the two cycles of tentacles (¢/ 
Pl. xix, fig. 135). e, Stage with six pairs of protocnemes, all united with the stomodzeum, and the first cycle of metacnemes. 
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—Mesenterial development in larval polyps continued. f, Seven pairs of metacnemes of the second cycle haye 
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few oral apertures, and of a size suitable for sections, can be obtained. H. V. Wilson (1888) 
has traced the development of the primary mesenteries in the larve of this species, from the 
first to the sixth pairs, and has also shown that in young polyps, provided with only one oral 
aperture, the mesenteries are arranged in three hexamerous cycles. The first cycle comprises 
twelve pairs of complete mesenteries, two pairs of which are directives; the second cycle also 
contains twelve alternating pairs; and the third twenty-four. At this early stage the polyps of 
Manicina therefore correspond exactly, so far as regards the mesenterial arrangement, with 
any normal hexactinian Madreporarian or Actiniarian polyp. The diagrammatic figures on pp. 
503, 504 represent most of the stages in the appearance of the mesenteries of J/anécina. The 
earlier sequences have been already described (p. 450), so that attention need be directed only 
to the later stages, which illustrate the phenomena of fissiparity. In Kingston Harbor young 
polyps of JL areolata, with the disk bearing only one, two, or four oral apertures, are not 
infrequently found, fixed to older colonies of the same species, or to other corals or small 
pebbles. 


Fie. 14a. 


Manicina areolata.—Figs. 14. Diagrammatic figures illustrating fission. a, Polyp with two oral apertures, twelve pairs of complete mesente- 
ries (I, II), twelve alternating second-cycle pairs (III), twenty-four third-cycle pairs, and a few members of a fourth eyele. Associated 
with each stomodzum are six pairs of mesenteries, three pairs of which are protocnemes, a pair of directives being at opposite 
extremities. The plane of fission is within the entoccele of the middle pair of complete mesenterie’ on each side. 


Fig. 14a represents the conditions in a transverse section of JMJanicina through the 
stomodeal region of a polyp with two oral apertures. The twelve pairs of complete mesenteries, 
including the two pairs of directives, represent the first and second cycles of fig. 18g, and comprise 
two alternating orders, primary and secondary, each of six mesenterial pairs; the twelve pairs 
of large incomplete mesenteries constitute the third order, the twenty-four next in size a fourth 
order, while here and there, at regions of most forward growth, occur rudimentary pairs, 
which are the first indications of a fifth order. The originally simple stomodeeum has become 
divided into two, and half the complete mesenteries of the primary polyp are now associated 
with each stomodeum. The plane of fission passes through the entoccele of the middle lateral 
pair of complete mesenteries on each side, and a single pair of directives at the opposite 
extremities of the polyp remains attached to each stomodeum. The plane of fission is thus at 
right angles to the directive plane, which is also the plane including the longer oral axis of the 
simple polyp. 
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Were the separation of the disk and column wall to be completed at this stage, across the plane 
of fission, it is clear that two similar daughter polyps would be produced. In each case one 
moiety of the middle mesenterial pair of one side would form with the corresponding mesentery 
from the other side a pair, attached to the side of the stomodzeum opposite the directives. But 
the longitudinal muscles of the two mesenteries in each pair would be arranged so as to face one 
another, instead of turning from one another, as in the case of the directives; in other words, 
the complete mesenteries of each polyp would include only one pair of directives, and five pairs 
in which the retractor muscles are vis-a-vis. The six pairs of complete mesenteries attached to 
ach stomodzum would then constitute a first cycle, the six large alternating pairs a second, the 
twelve next a third eyecle, and the odd pairs would represent the commencement of a fourth 
cycle. 

The almost perfect regularity in the number, arrangement, and extent of development of the 
mesenteries found in the above example appears to be rather exceptional, for other specimens 
of Jlanicina sectionized reveal many irregularities. Fig. 144 represents the mesenterial arrange- 
ment ina second polyp, also bearing two oral apertures. The details are those presented by a 
single section toward the lower termination of each stomodzeum. The hexameral regularity has 
been altogether lost, or perhaps was never reached. But here again the plane of fission passes 
through the entoceele of two opposite pairs of complete mesenteries, at right angles to the direc- 


Fic 14b. 


Manicina areolata.—Another polyp with two oral apertures. The mesenteries have entirely lost their hexameral cyclic regularity, and 
of the protocnemes only the directives at opposite ends can be determined with certainty. 


tive plane, and one of the two pairs of primary directives is found at each extremity. More than 
six pairs of complete mesenteries are united with each stomodum, and only in two or three 
regions of the polypal wall are any members of the second and third cycles developed; the hex- 
ameral cyclic plan will be entirely lacking in the daughter polyps as in the original, and two 
or more complete mesenterial pairs may occur in succession, without any alternating incomplete 
members. In the sections higher than the one represented other pairs of small mesenteries 
occur, but do not in any way assist towards the production of the hexameral regularity. At the 
left end of the polyp two single large mesenteries occur, without any corresponding member to 
complete the pairs; higher sections demonstrate that one moiety has simply disappeared in 
advance of the other. 

Ina third bi-oral polyp studied the alternation of first, second, and third cycles of mesen- 
teries was a little more regular than in the last example, but was by no means perfect all round; 
one stomodzeum was provided with six pairs of complete mesenteries, while to the other eight 
pairs were attached. 

Young polyps of J/an/e‘na with three oral apertures are not so plentiful as specimens with 
two or four apertures. It seems not unlikely that after the first division into two, each stomo- 
deum is again divided at about the same time, and thus the stage with three apertures would 
rarely occur. 
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Fig. 14c is a diagrammatic representation of the mesenteries in a Mancina colony with four 
oral apertures. The longer axis of any one stomodzeum is now in a different plane from that of 
others, and the two primary pairs of directives are widely separated, but still situated at the 
opposite extremities of the colony; the two middle stomodea have no directive mesenteries 
inserted on their walls. The plane of separation of each stomodzeal system with one exception 
passes through two entocceles. The rule holds so far as the divisions on the lower side are 
concerned, but on the left upper side the division plane is exoccelic, a condition which is 
probably to be regarded as an individual irregularity. 

The number of mesenteries connected with each stomodzeum is inconstant; the stomodeeum 
at the right extremity bears twelve, the next fourteen, the third twelve, while that at the left 
end has seventeen. ‘The alternating incomplete pairs are still more irregular. In one or two 
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Manicina areolata.—Polyp with four oral apertures. The mesenteries exhibit a tendency to an arrangement in alternate complete and 
incomplete pairs. The regions of most vigorous growth are at the opposite ends, where also the primary directives are still situated 
The fission planes are entoccelic, except for the irregularity at the upper left hand corner. 

cases they are wholly absent from the exoccele between two pairs of complete mesenteries; in 

many others only one pair occurs; while in a few chambers two or three pairs, representing the 

second and third cycles, are developed. As in the previous figure, the tendency in the older 
regions is toward a system of alternating incomplete and complete pairs, and only at places of 
most forward growth are the third and fourth cycles represented. The incomplete mesenteries 
further exhibit great variation in the extent of development at one and the same level; some 
pairs are nearly as large as the complete mesenteries, while others are rudimentary. The 
variability is such as to indicate that when the members of the younger orders increase in size 
they may ultimately unite with the stomodeeum, and newer pairs appear in their exocceles. 
Under such circumstances it 1s scarcely possible to determine a cyclical plan. 
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The phenomena presented by the early divisions of Man/cina clearly prove that fission actually 
takes place in a plane at right angles to the long axis of the mouth and stomodeum; otherwise 
the regular distribution to each daughter stomodseum of six complete pairs of mesenteries, 
derived from the primary twelve pairs, with one pair of directives only at opposite extremities, 
would be inconceivable. Although among the many living colonies which have been examined, 
examples in which the oral aperture or stomodzeum was in the actual process of division have 
not been observed, yet frequently two small mouths are found in close proximity, suggesting 
that they have arisen from the splitting of a single larger aperture. 

The later divisions in J/anicina reveal that the fission of the stomodzeum, along with its 
associated mesenteries, is not always median, or results in the production of equal halves. 
Sometimes in living polyps a very small aperture will be found, as if cut off from a larger, and 
only a few mesenteries are associated with it compared with the number united with the latter. 


FISSION IN FAVIA. 


Favia fragum occurs in some abundance on the reefs throughout the West Indies, forming 
small, convex, hemispheroidal or irregular colonies, usually four to five centimeters in diameter. 
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Favia fragum.—Figs. 15. Diagrammatic figures illustrating the mesenterial sequence and fission in larve. a, Larva with three pairs of 
protocnemes, of which only one pair is complete (cf. Pl. XIV, fig. 112). b, Larva with three protocnemie pairs, of which two are 
complete (cf. Pl. XV, fig. 118). ¢, Larva with five pairs of protocnemes, of which three pairs are complete and two pairs incomplete 


(of. Pl. XV, fig. 115). d, Larva at stage of fixation, with Edwardsian mesenteries complete and fifth and sixth pairs incomplete 


New polyps are added to the colony by division of the older polyps, apparently never by bud- 
ding. A polyp sometimes exhibits two or three oral apertures on a single elongated or triangu- 
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lar disk, surrounded by a single system of tentacles; and in the different polyps of any colony 
all stages can be traced in the separation of the results of fission. It is therefore a very favor- 
able species for the study of polypal fission. G. yon Koch (1890) has already described the 
process as it occurs in the corallum of the nearly allied species, /wvda cavernosa. 

Fortunately, also, in /. fragum a complete series of stages illustrating the development of 
the mesenteries within the larva and young polyp is available, a series extending from the larva 
with only one pair of complete mesenteries to polyps with such a number as results in fission. 
The oldest stage reached by the mesenteries of the simple polyp is represented in fig. 157, but the 
earlier stages may be briefly noted (figs. 15 (7). 

The twelve primary mesenteries are all developed at or shortly after the time of settling, 
when the larva exhibits the conditions represented in fig. 15d, four pairs of mesenteries complete 
and two pairs incomplete. Free swimming larve, extruded from mature polyps, are readily 
obtained, but can with difficulty be induced to settle, and development proceeds very slowly. 
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Fig. 15e. 


Fuvia fragum.—Young polyp with four pairs of metacnemes (A, A; B, B). The succession of the second-cycle mesenteries is bilateral, from 
the dorsal to the ventral aspect (ef. Pl. xiv, fig. 109. ) 


However, on foreign objects, such as dead coral or-old shells, to which the mature colonies are 
adherent, young polyps are sometimes found in different stages of development. These have 
grown from larve which on extrusion settled around the parent, and it was from such larval polyps 
that the stages represented in the text figures were taken. 

Fig. 15¢ is from a young polyp in which four isocnemic pairs of mesenteries are present, in 
addition to the primary twelve. In the upper stomodeal region all the latter are inserted on the 
stomodal wall, but the fifth and sixth pairs become free before the termination of the stomo- 
dzeum is reached, and at this place the protocnemes are in exactly the same condition as in fig. 15d. 
The four pairs of new mesenteries are situated within the dorsal and middle primary exocceles 
on both sides of the polyp, and the dorsal pairs are somewhat further developed than the mid- 
dle pairs. 

Vol. 8—No. 7——8 
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Fig. 15 represents the mesenterial condition obtained from a transverse section through the 
lower part of the stomodwum of another decalcified polyp. ‘The six protocnemic pairs are now 
as 
it IL 
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Fic. 15f. 
Favia fragum.—Young polyp in which all the pairs of protocnemes (I) are united with the stomodzeum, and the six pairs of first-cycle 
metacnemes (II) are developed. 
all complete, and six alternating pairs of metacnemes are fully established as a second cycle. 
The next figure, from a somewhat larger polyp, shows the commencement of the third cycle of 
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FIG. 159. 
Favia fragum.—Polyp with six pairs of second-cycle metacnemes (III). The succession is from the dorsal to the ventral aspect. 
mesenteries (fig. 15); its development also is proceeding by isoenemic pairs in a dorso-ventral 
or antero-posterior order. 
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The polyps of w/a growing directly from larve are thus seen to follow a very definite 
sequence in their mesenterial growth, a sequence which bears the closest resemblance to that 
characteristic of other larval corals which haye been examined. Each is provided with two 
pairs of directives, and the mesenteries are arranged in two or three radial cycles, according to 
the usual hexameral plan. Itis at about the stage represented by fig. 15g that fission is introduced. 

Two larval polyps were secured, each proyided with two oral apertures, but still sur- 
rounded by only one system of tentacles and a simple column wall. They thus represent the 
earliest stage in fission. At such a stage the polyps are very short, and rather irregular in form 
when preserved, so that it is practically impossible to secure in one section the complete arrange- 
ment of the mesenteries around the stomodeum. The diagrammatic figures are therefore con- 
structed by combining the relationships of the mesenteries in the various serial sections. In each 
polyp the stomodeum has been divided throughout its length into two distinct tubes, and a’ 
definite number of mesenteries is associated with each. 

The mesenterial system of one of the double polyps is represented by fig. 162. Compared 
with the stage in fig. 15g two additional pairs of mesenteries haye become complete, so that four 
pairs are inserted on each stomodeum. Instead of the two new complete pairs arising as a pair 
on each side of the directive plane, as considerations of symmetry would suggest, both are 
situated on one side of the angulated directive axis of the polyp, though from the section alone 
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Favia fragun.—First stage of fission in a laryal polyp. 


it is impossible to say which of the four pairs actually represent the additions. The members 
of the second cycle include only a single pair of mesenteries in each exoccele, except in the two 
exocceles adjacent to the right pair of directives, where third-cycle pairs are developed. 

The two polypal halves are thus nearly alike, the original single stomodeum having been 
divided practically down its middle, so that half the mesenteries are attached to each moiety. 
The plane of fission crosses the directive axis, passing through the entoccele of two lateral pairs 
of complete mesenteries on opposite sides. Growth is taking place more rapidly at the upper 
right side than elsewhere, and the pair of directives has thus been pushed to one side of the 
median plane, so that the directive plane no longer divides the polyps into equal halves. 

Were the halves to be completely separated at this stage, it is clear that a pair of mesen- 
teries would be formed in each new polyp, by the approximation of a mesentery from the two 
opposite sides, the musculature in the two moieties being on the faces turned toward each 
other; an ordinary pair of mesenteries would be thus produced, and each polyp would have 
but one pair of directives. Thus, from the beginning, an important difference in the nature of 
the mesenteries would be established between fission polyps and single polyps reared directly 
from larve; the distinction between the orders to which the mesenteries primarily belonged 
also begins to be lost. 
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Fig. 167 represents the mesenterial plan in the second bioral polyp. In the living condition 
one oral aperture was much smaller than the other, appearing as a mere perforation in the disk, 
and sections reveal that a less number of complete mesenteries are associated with it than with 
the larger. In the diagram the smaller stomodeeum is to the left, but is represented equal 
with the other. In the actual transverse sections it displays eight strongly marked vertical 
ridges, corresponding with the eight mesenteries attached to its inner side, while the large 
stomodeum bears ten. Here, again, it is seen that the plane of fission passes through the 
entoccele of two opposite pairs of lateral mesenteries, and growth is proceeding more rapidly at 
one region—to the lower right—of the polyp than at another, so that the directive axis does 
not coincide with the longer diameter, but is turned toward the dorsal surface. 

Attention may now be directed to the fully developed polyps constituting a colony of /wuia, 
in order to ascertain what are the results of fission wpon these. As already remarked, the 
mature polyps are found to exhibit very varied conditions with regard to the stage of fission. 
They are rarely circular in contour, but polygonal or greatly elongated, and at times deeply 
angular; in the majority of adult polyps only one oral aperture is surrounded by a tentacular 
system, but sometimes two or three mouths occur on a single disk. 

A transverse section of a decalcified polyp is represented on Pl. XIII, fig. 93, and indicates 
much variability and irregularity in the disposition of the mesenteries, differing greatly from 


FD) 


FIG. 167. 


Favia fragum.—First stage of fission in another larval polyp. 


the perfect regularity of the early larval polyps. The organs are paired throughout, but 
no regular hexameral cyclic arrangement can be established. Different stages of growth are 
represented in different regions; in some places there is an indication of a tricycle plan, but 
more often only a dicyclic arrangement is manifest, and at times this is obscured by three or 
four pairs of mesenteries of equal ordinal value occurring together. 

In the upper part of the stomodeum all the mesenteries may be complete, except a pair here 
and there in process of growth, but in passing downward some pairs become free in advance of 
others, indicating that they are not all of the same ordinal value. 

The mesenterial pairs are always isocnemic, and the retractor muscles are invariably on the 
faces turned toward one another; in transverse sections of over a dozen polyps examined no 
directives occurred. 

Adult polyps of the genera /sophyllia (p. 449), Agaricia (fig. 161), Meeandrina (fig. 141), 
Colpophyllia, and Dichocenia (fig. 119) display a like irregularity of mesenterial arrangement 
and absence of directives. The actual stages in fission have not been traced in these, but from 
their prevailing mesenterial arrangement it is manifest that the process proceeds in the same 
way as in the young polyps of Manicina and Favia. 

Several Actiniz also exhibit the phenomenon of fissiparity, and certain investigations have 
been made as to its influence upon the mesenteries and other organs. Dr. G. H. Parker (1899) has 
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given an account of the longitudinal fission in the common Actinian, Metridinm marginatum 
Milne Edwards, and shows that the asexually formed polyps do not reproduce all the features 
characteristic of the sexually produced individuals. In some of the specimens examined, Parker 
found that fission of the stomodeal tube was still incomplete, the organ being Y-shaped, a single 
inner end opening into the gastro-vascular cavity, and the two outer ends opening each through 
a distinct mouth on a single disk. Generally in the fission specimens each mouth was mono- 
glyphie (provided with only one gonidial groove), instead of diglyphic, as in normal forms; and 
with the monoglyphic condition was associated only one pair of directives. No evidence was 
forthcoming as to the formation of new siphonoglyps or new directives in fission polyps, while 
there were practically twice as many non-directive mesenteries in double specimens as in single 
ones. In any given case the assumed plane of division passed through either two primary 
exocceles or two entocceles, neyer a primary entoccele on one side and a primary exoceele on the 
other. The production of regular hexamerous diglyphic specimens by non-sexual methods was 
not observed; such specimens were found to number about one-fifth of the total collected, and 
are with good reason assumed to be the products of sexual reproduction. 

The West Indian stichodactylinous anemones, Actinotryx sancti-Thome Duch. and Mich., 
and Ricordea florida Duch. and Mich., also reproduce by discal fission, and frequently more than 
one oral aperture is present within a single tentacular zone. In the latter species as many as 
seven mouths have been found on a single disk, thus recalling such a coral form as Janicina. 
Professor MceMurrich’s (1889@) anatomical studies of these two species, and also mine (1900), have 
shown that the mesenteries in both species are irregularly arranged, and in some polyps no 
directives occur, while in others only one pair is present. 

The results on polypal fission in corals may be thus summarized: 

1. The larval polyps of fissiparous species develop for a time like other hexamerous species. 
Before the introduction of fission the mesenteries are regularly arranged in two or more alter- 
nating hexameral cycles, and two pairs of directives are present. 

2. The first fission plane passes through the entoccele of two lateral mesenterial pairs, 
approximately at right angles to the directive plane and longer oral axis, and divides the 
stomodeum and the mesenteries attached to it into practically equal halves, so that only one 
pair of directives is inserted on each stomodzeal tube. 

3. Fora time the products of simple fission continue their development according to the 
regular cyclic plan, but before long fission is repeated, and each stomodzeum and the mesenteries 
associated with it may be again divided into equal halves, or one part may be larger than the 
other. In probably every division the fission plane is included within two opposite entocceles. 
At an early stage in the development of fission polyps growth may proceed more rapidly at one 
region than at another, and thus introduce irregularities in the cyclic plan. 

4. Beyond the two primary pairs no new directive mesenteries are ever introduced, so that in 
any fissiparous colony, however large, only the protocnemic directives occur, situated widely 
apart, at what may be regarded as the two morphological extremities of the colony. 

With such results before one, it is clear that care must be exercised in attempting to establish 
relationships from the absence of one or both pairs of directives in mature polyps of both corals 
and Actinians. The history of the individual polyp must be taken into account before such an 
occurrence can be regarded as a specific peculiarity. As a general rule, one would be justified 
in assuming’, asexual reproduction by fission for polyps with only one or no directives, especially 
if accompanied by irregularities in mesenterial growth. 


FISSION IN PORITES. 


Polyps displaying a bioral disk are very rare on colonies of /or/tes. After an examination 
of scores of living colonies of all the West Indian species, only a single example exhibiting this 
condition has heen found, although polyps showing an increase of tentacles beyond the usual 
twelve are by no means scarce; from these all stages in the development of the mesenteries 
beyond the primary six pairs are readily secured. These proportions present a marked contrast 
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with those of the closely allied polyps of MJadrepora; enlarged polyps are frequently found on 
colonies of Madrepora, provided with two oral apertures, and twenty-four mesenteries are 
already present at one stage or another of their development. 

For the most part, the enlarged polyps of Portes are circular in section, and any increase in 
the number of tentacles merely results in the enlargement of the polyp, without altering its out- 
line. The polyp with two oral apertures had, however, assumed an oval form, but the tentacles 
remained disposed in a single cycle, as in ordinary polyps. 

In a former paper (Johns Hopkins Cireulars, June, 1900), and again on p. 446, it is shown 
that in /%or/tes the increase of mesenteries beyond the protocnemic stage takes place axially, by 
the addition of bilateral pairs within either of the directive entocceles, and that in the end they 
constitute both isoenemic and anisocnemic pairs. In some polyps the new mesenteries are added 
within the dorsal entoccele, and in others within the ventral entoccele, but never within both 
chambers in the same polyp. All stages from the occurrence of a single pair of new mesenteries 
to six pairs have been already described. 

Serial transverse sections of the Por7tes polyp displaying the bioral condition were prepared, 
and by studying these at different levels the arrangement of the mesenteries represented in 
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Fig. 17. 

Porites. —Diagram illustrating polypal fission in a bud polyp. Within the entoccele of the ventral pair of directives (III, III) six bilateral 
pairs of mesenteries (a-f) have appeared, and the stomodzum has been divided into two distinct tubes. The complete and incomplete 
pairs of mesenteries and the musculature are so arranged that when the two polypal halves separate, each polyp will have six pairs of 
mesenteries arranged as in ordinary polyps. 


fig. 17 has been established. Two stomodzeal tubes are distinct throughout their length, and 
twelve pairs of mesenteries are present, six pairs associated with each stomodeeum and arranged 
as in a single polyp. All the additional mesenteries have been added within the ventral 
entoccele, the inclosing directives (II, III) of which have been pushed widely apart. The figure 
should be compared with fig. L1¢, on p. 470, representing the arrangement in a polyp also with 
twelve mesenterial pairs, but in which only one stomodeal tube occurs. 

From the figure itself (fig. 17), it would be difficult to determine within which of the two 
directive entoceeles the increase has taken place, or which half is primary and which half 
secondary. In the actual sections the mesenteries on the ventral aspect are closer together, a 
disappear first in passing from above downward. From the sections of the various polyps a 
intermediate stages, it is clear that polypal fission in Por7tes is effected only after the successive 
addition of six bilateral pairs of mesenteries, the complete and incomplete members alternating in 
such a way that the moiety of the six new pairs on one side resembles the moiety of the six primary 
on the same side. When the two fission polyps are completely separated along the axial plane, a 
pair of directives will be formed for each polyp, by the approximation of one of the members of 
the primary dorsal directives (LV) and the corresponding member of the last-formed ventral pair (/). 
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The plane of fission coincides with the primary directive plane which passes through the 
primary dorsal and ventral directive entocceles and longer oral axis, and divides the enlarged 
polyp into equal halves with twelve mesenteries to each; of these, six are the protocnemes and 
six are new formations. 

As the order of appearance of the mesenteries beyond the protocnemic stage in Porites 
differs from that in other coral polyps, so its method of fission is altogether different. In most 
corals the plane of fission is at right angles to the directive or median axis of the polyp, whereas 
in Porites it is along the directive plane; each of the two primary daughter polyps in ordinary 
fission has only one pair of directives, but in Pordtes the mesenteries are arranged exactly as 
in the larval polyp, and each fission polyp bears two pairs of directives. (See foot-note, p. +96.) 


FISSION IN MADREPORA. 


When describing, in a recent paper”, the method of addition of new mesenteries in 
Madrepora, beyond the protocnemic stage, the process of fission was also noticed, so that for 
the present purpose it is only necessary to briefly reiterate the facts there brought forward. On 
examining most colonies of Madrepora with a lens, a few polyps are found which are slightly 
larger than the others, and bear more than the usual twelve tentacles, any even number from 
sixteen to twenty-four being represented. The tentacles form, however, only a single cycle, as 
in ordinary polyps (Pl. I, fig. 1 7.). Such polyps seem to occur anywhere over the surface of 
a colony, wherever vigorous growth is in progress, but have not been found in the oldest parts of 
colonies, nor on the under surface of palmate colonies, where conditions of growth are not 
very favorable. 
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Madrepora.—Fies. 18. Series of diagrammatic figures illustrating polypal fission and the manner of increase of the mesenteries beyond 
the protocnemic stage. Two stomodzal tubes are present from the beginning, either connected by one or two mesenterial strands 
or altogether distinct. a, Four new bilateral pairs (A-D) are present within the yentral directive entoccele, and two others connect 
the two stomodzal tubes. 


Most of the larger polyps are strongly oval, the longer axis being at right angles to the 
axial-abaxial plane. Out of forty or fifty enlarged polyps examined, only one or two did not 
already display two oral apertures, and of nearly thirty specimens sectionized transversely each 
bore two distinct stomodeal tubes. Compared with the enlarged polyps of Portes those of 
Madrepora are therefore characterized by the early production of the bioral condition. 

Transverse sections reveal that in practically every case twenty-four mesenteries—that is, 
double the number in ordinary polyps—are already developed, though in different examples they 
exhibit somewhat different relationships. Sixteen complete mesenteries occur, and the remaining 
eight are incomplete, the paired arrangement agreeing with that of simple polyps. 


«**The Morphology of the Madreporaria.—II. Increase of Mesenteries in Madrepora beyond the Protocnemic 
Stage.’”’ Ann. Mag. Nat. Hist., ser. 7, vol. x, 1902. 
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The different polyps studied exhibit one or another of three successive stages toward 
complete fission. These are diagrammatically represented in figs. 18 (¢-c). The primary mesen- 
teries are indicated by thicker lines, and are numbered from I to VI; the new mesenteries are 
denoted by the letters A to F, no successive order in their appearance being assumed thereby. 


Fic. 18b. 


Madrepora.—Fission continued. The same number of mesenteries are still present within the ventral directive entoccele, and a single 
pair (E, E) oceurs within the dorsal directive entoccele, while only one mesenterial strand connects the stomodea. 


The figures reveal that new mesenteries are added in bilateral pairs, disposed axially in both the 
dorsal and ventral entocceles. No stage in which less than twenty-four mesenteries were present 
has been found. 

Special interest attaches to the mesenteries in figs. 187, 18+, which connect the two stomodzal 
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FIG. 18¢. 


Madrepora.—Fission continued. Two mesenterial pairs (E, F) now occur within the dorsal directive entoccele, and the stomodzal tubes 
are wholly disconnected. The macrocnemes and microcnemes and arrangement of the musculature on the faces are such that if the 
polyp were divided into two halves along the median axis the mesenterial arrangement in each polyp would be the same as in an 
ordinary polyp with only six pairs of mesenteries. (cf, Pl. I, fig. 4.) 


tubes. In fig. 18w two of these are present, in fig. 18 only one, while in fig. 18¢ the connection 
has ceased altogether. In the paper already mentioned, it has been shown that these connecting 
mesenteries are a result of the practically simultaneous division of the primary stomodzeum and 
the appearance of the new mesenteries. The adjacent mesenteries, situated between the two 
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stomodzal tubes, for a time retain this connection throughout the length of each stomodzum. 
Serial transverse sections indicate that later the middle portion of each connecting mesentery 
begins to grow radially across the disk, and that when it reaches the vertical column wall it 
divides into two distinct mesenteries, which constitute a bilateral pair. The division extends 
all the way from the upper to the lower termination of the stomodwal tubes, the successive stages 
in the process being easily followed. As shown by fig. 184, the dorsal connecting mesentery 
becomes divided and stretches to the column wall in advance of the ventral member. 

That no earlier stages, exhibiting a sequence in the appearance of the six pairs of new 
mesenteries, have been met with, such as are described for Por/tes, seems strongly to suggest that 
the additional six pairs arise practically simultaneously, in all probability part passu with the 
division of the primary stomodeum. In the earliest bud polyp of JMJadrepora which has been 
obtained, representing a stage before any tentacles appear, all the twelve mesenteries are already 
present, and the oral perforation appears to have been just established (p. 497). It would also 
seem that in the formation of new polyps by fission a like simultaneous development takes place, 
and thus no intermediate stages between the twelve and twenty-four mesenteries are to be 
expected. 

The results from the two methods of asexual reproduction in coral polyps—budding and 
fission—may be thus contrasted: 

(1) Polyps arising as buds pass through the same stages as regards the order of appearance 
of the tentacles, mesenteries, and mesenterial filaments as the larval polyps of the same species, 
and the adults of both are alike. 

(2) Excepting Porites and Madrepora, polyps originating by discal fission, whether completely 
or but partly separated, never wholly resemble the sexually-produced polyp. No new pairs of 
directives are formed, and the mesenteries do not assume a hexamerous or other regular cyclical 
arrangement. 

(3) Polyps of Porites and Madrepora arising by fission resemble larval polyps in having two 
pairs of directives and four anisocnemic pairs of mesenteries. (See foot-note, p. 496.) 


SEXUAL REPRODUCTION. 
DISTRIBUTION OF GONADS. 


Although the asexual method plays such a prominent part in coral growth, yet the pro- 
duction of sexual elements, for the formation of entirely new individuals, appears to be quite as 
important as in other groups of animals where sexual reproduction alone prevails. In West 
Indian waters, colonies of Fuvia fragum, Manicina areolata, Siderastrea radians, and Porites 
clavaria seem to be nearly always fertile, while species of Jadrepora, Orbicella, and Cladocora 
are, as a rule, found without sexual cells. 

Several observations upon the distribution of the gonads in the Madreporaria have been 
recorded by other writers, but, as in the Actiniaria, no general rule is apparent with regard to the 
moneecious or dicecious character of the polyps. Thus Moseley (1882) found Seriatopora to be 
unisexual; Fowler mentions the occurrence of ova only in Madrepora durvilled, Turbinaria, sp.. 
and in Sphenotrochus rubescens, while Pocillopora brevicornisis monecious. H. V. Wilson merely 
states that MVanicina areolata is hermaphrodite. Gardiner (1900, p. 367) found all the polyps of 
Canopsammia which he examined to be female, without any trace of male generative cells. 

In the course of the present studies many instances of fertile polyps have occurred. A 
portion of a colony of Meandrina labyrinthica sectionized bore gonads on almost every 
mesentery, and in this case ova and spermaria were closely associated. In a few instances both 
kinds of sexual cells are found on the same mesentery (Pl. XX, fig. 140), but usually they are 
developed on separate mesenteries, the number of male mesenteries being greatly in excess of 
the female. The merest suggestion of an alternation of male and female mesenteries is 
manifest; thus, one member of a pair may bear spermaria and the other ova, but at other 
times two or three ova-bearing mesenteries are intercalated between a number of sperm-bearing 
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mesenteries. Four to eight spermaria may be present on a single mesentery in section; but 
the number of ova is much less, usually one or two, rarely reaching four or five. In the 
hermaphrodite mesenteries the ova are invariably situated toward the fixed end of the 
mesentery, and the spermaria nearer the free edge, that is, more central. 

Fuvia fraguin is likewise moneecious, and in this species also the two kinds of sexual cells 
may occur on the same mesentery, though more often they are on different mesenteries within 
the one polyp. In one large colony examined, the cavity of practically every polyp was crowded 
with larvee, all at the same stage of development. In addition to these the mesenteries were 
swollen with spermaria and ova, all apparently at a similar stage toward maturity—the ova 
having a large nucleus and nucleolus, and the spermaria with the tails of the spermatozoa 
already developed. 

On a colony of Porites clavaria most of the individual polyps contained several free larve, 
again all at about the same stage of development. In this instance, ova only were present on the 
mesenteries, usually one large egg to each, and of numerous polyps examined from the same 
colony none bore male sexual elements. In transverse sections of a polyp of Jadrepora palmata 
a single ovum occurred on three of the four lateral complete mesenteries, but not on any of the 
directive mesenteries. 

Female gonads were moderately developed in a colony of /sophyllia dipsacea. In transverse 
sections some of the mesenteries exhibited three or four ova, restricted in their distribution 
toward the insertion of the mesentery in the body wall. Most of the mesenteries of a polyp of 
Orbicella radiata also contained ova, again situated toward their insertion in the polypal wall; 
likewise polyps of Scderastrea siderea. In the last the ova were greatly distorted and irregular 
in form, as if adapting themselves to the very narrow interseptal loculi. 

From the above examples, it is impossible to say how far sexual differentiation has proceeded 
within Madreporarian polyps. In all instances where a unisexual character would be indicated, 
only female cells have been found, and then somewhat sparsely. Spermaria have never been 
found alone, but always in association with large numbers of ova.“ It may be that coral species 
are mainly moneecious, but that ova are first developed (protogynous), and later spermaria, 
either on the same or different mesenteries. Further, the ova are, as a rule, restricted toward 
the fixed or peripheral margin of the mesentery, while in Actiniz generally they are disposed 
about the middle of the radial length of the mesentery. 

Apparently very little importance can be attached to the particular mesenteries on which 
gonads may occur, for where present in numbers they are found on practically all the mesen- 
teries, both complete and incomplete. In Orbicella radiata any of the mesenteries of the three 
cycles may bear ova; as shown on Pl. IX, fig 68, ova occur on a small incomplete mesentery, 
while they are not developed on the larger complete member. In Actinian studies the distribution 
of the gonads on particular mesenteries is considered to be of some importance for systematic 
purposes, but manifestly the production of a few sexual cells on certain mesenteries can not be 
of much significance, when in riper polyps they may possibly be found on all the organs. 

Within its lifetime a polyp may give rise to more than one series of ripe sexual cells, for 
individuals charged with fully developed larvee also contain numbers of nearly ripe eggs, still 
within the mesoglea of the mesentery. 

Viviparity would appear to be the rule among corals, though Wilson records the extrusion 
of eggs and semen from J/aniecina, and I have also found this to happen in /aia. It may be 
doubted whether such occurrences take place under normal conditions, as in both instances 
highly developed larve have also been found within the gastric cavity. Similar promiscuous 
extrusions of sexual cells are likewise found to take place among anemones. From Phodactis 
sancti-Thome, Aulactinia stelloides, and others unfertilized eggs and semen have been found 
to be extruded in abundance, while from both species mentioned larvee at an advanced stage of 
development have also been obtained. 


a Miss Pratt (1900) describes Neohelia as probably moncecious, spermaria only being present. 
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From the few records yet available, it is impossible to determine how far the different 
species of corals have any regular breeding season; such would scarcely be expected under the 
uniform conditions of temperature characteristic of tropical waters. During the month of July 
four or five different colonies of Siderastrea radians were collected, all having polyps charged 
with free larve, while other collections made at different times from the same locality never 
yielded fertile colonies. From another locality larve of this species were secured during the 
middle of March. 

Most of the larve to be here described were collected in the early months of the year (March, 
April); but larvee of Manicina areolata and Favia fragum seem to be extruded nearly the whole 


year round. 
SPERMARIA AND OVA. 


In their detailed structure, the spermaria and ova of corals are much like the corresponding 
elements in the Actiniaria. A mesentery bearing two spermaria, in addition to three ova, is 
represented on Pl. XX, fig. 140, taken from Meandrina. The fertile portion of the mesentery 
is greatly swollen, and the mesogloea is thin and surrounds each oyum and spermarium as a very 
delicate sheath. The mesenterial epithelium has undergone certain modifications; toward their 
base the cells are much vacuolated, and without any recognizable protoplasmic contents. Cell 
limitations are not obvious, and the nuclei are arranged in a yery definite zone toward the 
margin, along with the other protoplasmic contents of the cells. 

The spermaria are crowded with deeply-staining, spheroidal, sperm cells, each with several 
still more deeply-staining particles or nuclei. A similar stage has been figured by Professor 
Hickson for Aleyoniwm (1895), and also described by Ashworth (1899) for Xenia. Occasionally 
a central cavity containing a coagulum is already developed, and here and there this is filled with 
the projecting tails of the spermatozoa. Without any doubt the ova and spermaria are developed 
from the mesenterial epithelium, as in other Anthozoa, and the cells wander into the mesogloa 
and become encapsuled by it, but none of the earliest developmental stages have been found. 

The spermaria from another colony of dJ/xandrina, instead of being nearly spherical, are 
narrow, and extend along the transverse length of the mesentery for some distance, and display 
constrictions, as if made up of four or five fused spermaria. 

On one occasion, ripe spermatozoa were observed in the act of extrusion from a polyp of 
Favia fragum, the process taking place by the same jerking motion as when larvee are liberated. 
They were of the same form as those of Actinia equina, described and figured by Lacaze-Duthiers, 
that is, a pear-shaped head with a laterally fixed tail. 

A mesentery bearing two large ova is represented in fig. 146, again taken from J/eandrina. 
The eggs contain a large amount of vacuolated, finely granular yolk. The vacuolization is very 
uniform except peripherally, where the ovum stains more deeply, owing to the greater concen- 
tration of the protoplasm. In the same region deeply-staining granules are also numerous. The 
germinal vesicle is large and homogeneous in structure, and is unaffected by carmine stains, but 
readily takes up aniline blue. The germinal spot is usually situated close to the margin of the 
germinal vesicle, and differs from the latter in staining intensely in borax carmine. 

White, spheroidal, unfertilized eggs were extruded singly from Hava fragun on several 
oceasions, after floating around in the gastric cavity for several hours. Examined under the 
microscope, the ova underwent a great variety of irregular movements for about an hour, sending 
out lobate processes, first from one region and then rapidly from another. 

The experiences of von Koch, Wilson, Haddon, and those here recorded render it manifest 
that the eggs in coral polyps are ripened in batches, not a few at a time, and that the larve 
develop equally; for in all cases where larvee have been obtained from any polyp they occurred 
in numbers, and practically of the same age, while many far advanced eggs were present in 
the mesenteries preparing for another series. This is usually the case in the Actiniaria, but 
exceptions may occur, as where laryve at all stages have been secured from the same polyp at one 
time. Fowler (1888, p. 18) states that the ova in Sphenotrochus rubescens were in yarious stages 
of maturation. 
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LARV AND POSTLARVAL DEVELOPMENT. 


In all corals yet observed, the segmentation of the ovum and early stages in the development 
of the larva take place within the internal cavity of the polyp, and are therefore not easily 
accessible for study. The extrusion of a few eggs and semen, which sometimes occurs, appears 
to be fortuitous in character, and is not to be regarded as the normal method of sexual reproduc- 
tion. It is a little remarkable, that in the many sections of adult polyps which have heen pre- 
pared, none of the intermediate stages between the egg and the fully developed larva have been 
secured, though fertile polyps, and others containing free advanced larve, are by no means rare. 

Probably by keeping under observation, for a lengthened period, colonies which are known to 
be fertile, it would be possible to secure the earlier embryonic stages; polyps which are charged 
with advanced larvee often contain in addition nearly ripe eggs, from which another batch of larvee 
might soon be expected. 

From the colonies of Jlanicina areolata, which H. V. Wilson had under observation for 
a period of several months, eggs, semen, and larve in very different stages were extruded. The 
first specimens of coral poured forth eggs and semen on the 15th and 17th of March, while on the 
20th the polyps had given birth to larvee a little more advanced than the planula. After this date 
only larve were ejected, their stage of development becoming much more advanced as the 
Bahama season progressed. 

Among Actinians also the lary are usually ejected in an advanced stage of development; 
but unfertilized eggs and semen are extruded from a few forms— Urticina crassicornis, Metridium 
marginatun, Sagartia parasitica, and Cerianthus membranaceus, so that different investigators 
have found it possible to follow the segmentation and early embryonic stages of these. 

Manicina arcolata is the only coral in which the segmentation and formation of the germinal 
layers has hitherto been followed. But the early stages of development, as far as the formation 
of the skeleton, seem so completely alike in the Madreporaria and Actiniaria that the fuller 
details obtainable within the latter group may be considered to hold for the former. Appelléf 
(1900), in his admirable paper, ‘*Studien iiber Actinien-Entwicklung,” has followed very com- 
pletely the early stages in the development of the Actinian (rticina crassicornis, and at the same 
time reviews the results of other workers throughout the Zoantharia in the light of his own. 

The following account will be restricted to a description of the larye either upon extrusion 
or shortly after, and as far as their subsequent development has been traced. During the 
course of the present investigations numerous larvee of the following species of corals have 
been obtained: Manicina areolata, Favia fragun, Siderastrea radians, Porites clavaria, 
Isophyllia dipsacea, and Agaricia agaricites; not always, however, under circumstances in which 
their future history could be followed. In some cases it has been possible to trace their 
growth through various stages, but in others only the larvee themselves are available for study. 
Some of the larvee were preserved directly in corrosive acetic, and others in formol. The former 
method gives the best results. During preservation mucus was often extruded from the 
unicellular ectodermal glands, resulting in the adherence of foreign particles to the larval wall; 
often also the larvee collapsed when transferred to the preserving medium. 

Where the superficial tissues of viviparous polyps are partly transparent, the larvee can 
be seen moving about within the gastro-ceelomic cavity, coming into view above and then 
disappearing below. Very often they enter the tentacles, and may remain there for some time, 
so that when the polyps retract they give rise to small protuberances of the surface. Whether 
the motion within the polypal cavity is due to the larva’s own ciliary activity, or is brought 
about asa result of the general circulation of the internal nutrient fluid, is not readily ascertained; 
certain larve are provided with cilia and able to swim about immediately on extrusion, while 
others remain motionless for a short time, showing that cilia are not yet active. 

The actual extrusion of the larve seems always to take place suddenly, not with the slow 
convulsive movements more usual in parturition in other groups. In J/anicina areolata the 
larvee were ejected through the mouth in batches, a dozen or so at a time, by a peculiar jerking 
motion of the adult; but in Porites clavaria, Favia fragum, and Siderastrea radians they 
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appeared singly, or only two or three at a time. Probably the larve are able to made their exit 
through the tips of the tentacles, as well as through the mouth, though owing to the rapidity 
with which the process takes place I have never been able to assure myself of this method, even 
when, as in the case of Siderastrea, colonies have been watched for hours. Von Koch states 
(1897) that the larve of Caryophyllia cyathus pass through the tips of the tentacles. The various 
polyps of a colony continue to give out larvee for several days, or even for a week or two, and 
then the supply ceases, or for some time one or two individuals may appear at long intervals. 

Development appears to proceed equally within most of the polyps in any colony. In the 
fertile colonies of Faia or Stderastrea the majority of the polyps contained larvie all at the 
same stage, and in Porites such was the case with most of the polyps within any restricted area. 

On first extrusion the larve of corals are spheroidal, oval, pear-shaped, or elongated rod-like 
bodies, varying from 1 to 3 mm. in length, the outer surface uniformly ciliated throughout. The 
various forms assumed by the different larve of Fuvia fragum, extruded about the same time, 
indicate the more usual shapes (Pl. XIII, figs. 96-100). Laacaze-Duthiers (1873) figures the lary: 
ot Astroides calycularis as elongated and assuming a spiral form, von Koch (1897) that of Caryo- 
phyllia cyathus as pear-shaped. The individual larva, however, often manifests the power of 
retraction and of altering its shape, so as to be at different times oval, pear-shaped, spheroidal, 
or flattened and cake-like. In the majority of cases, one end, usually the anterior during progres- 
sion, is much broader than the other, though when the larva has been extruded for some time 
these relations are frequently reversed. Thus, the pear-shaped larva of Fiaia fragum has at 
first the broad end at the aboral forward pole, but later the broad end is oral or posterior 
and the narrow end is aboral. A similar alteration of form has been noticed in Siderastrea 
radians, but most of the larve of this species have a narrow aboral and a swollen oral’ pole from 
the beginning. Twin larvee, with two oral extremities and one aboral, have been extruded by 
polyps of the species just mentioned. No coral larva has yet been described in which the aboral 
extremity bears the tuft of larger, less mobile cilia sometimes met with in Actinians. 

Coral larvee are able to swim about either immediately on extrusion or shortly after. For the 
first few minutes they may remain motionless, either at the surface of the water or on the bottom 
of the vessel, then, cilia haying been formed, active movements of both rotation and translation 
commence. Some gyrate throughout the depth of the water, coming to rest from time to time; 
others remain nearer the surface or accumulate around the sides of the vessel. Within one to 
three days a few of the more vigorous examples would become attached to the sides of the 
glass vessel or other object, and remain thus for some time, then become active again, and 
afterwards refix themselves. But the great majority seemed unable ever to settle, and continued 
alive for days or weeks, without much motion, and apparently without undergoing further 
development. If fixation did not take place during the first two or three days it was never found 
to occur after, though some of Wilson’s lary of JJanicina settled after swimming around for 
three weeks. 

When first extruded, coral larvee are dense and opaque, and either colorless or slightly 
brown; afterwards they may become slightly distended, and asa result the wall appears thinner and 
more nearly transparent. Occasionally the larvee are set free in a distended form, when they are 
more transparent from the beginning. The alteration from the opaque to the more transparent 
condition is brought about by an important change in the internal endodermal tissue, described 
below. Under the microscope the colorless or nearly colorless outer ectoderm can be distin- 
guished from the inner endoderm, and in all species examined the latter bears zooxanthelle, 
which giye a yellowish color to the internal mass. 

The oral pole, whether narrow or broad, is usually darkly colored externally. Examination 
of the living larvze under the microscope, and also by means of sections afterwards, reveals that 
the color is due to the presence of numerous zooxanthelle or yellow cells toward the oral end. 
Usually these occur within the ectoderm cells, but sometimes, as in /sophy///a dipsacea (Pl. XXV, 
fig. 165), they crowd the endoderm cells around the oral extremity, and the ectoderm contains 
comparatively few. In both cases the zooxanthelle are densely aggregated toward the apex, 
which in consequence is the darkest area. In general the alge are sparingly distributed 
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throughout the endoderm, and thus give rise to the faint brown color of the larvee as a whole. 
Only rarely do they occur beyond the oral region of the ectoderm. 

From time to time the zooxanthelle are seen to be set free from the ectoderm cells, and 
in the end they wholly disappear from the outer layer, the larva becoming uniformly colored. 
Occasionally they persist for a short time within the perioral area after the larva has become fixed. 

The presence of numerous symbiotic zooxanthelle within such a restricted region of the 
larva during its interpolypal existence, and their disappearance shortly after the larva is set free, 
are phenomena upon which no explanation has yet been offered. In no adult corals’ are 
zooxanthelle found within the ectodermal cells; it is wholly a larval condition. 

When the larve are first extruded, the oral aperture is usually indeterminable, but a very 
minute opening appears shortly after, often situated a little to one side of the actual apex, 
and later the wall immediately around the mouth becomes slightly depressed. Extrusions of 
zooxanthelle, and what seem to be yolk granules in a mucus-like mass, have been observed to 
take place from time to time through the newly formed mouth. This phenomenon commences 
shortly after the larve are set free, and continues for some time. Lacaze-Duthiers (1873) has 
figured the ejection of waste material actually taking place in the larvee of Astrocdes, and it is 
also found to be a common occurrence in Actinian larvee. It is manifest that this is the larva’s 
method of getting rid of the surplus zooxanthelle, yolk, and cell débris remaining after the 
formation of the narrow endodermal layer from the original nearly solid internal tissue. Sec- 
tions of late larvie are generally found to contain free zooxanthelle, and what seem to be cells in 
process of disintegration (fig. 112), while in early larvie the interior may be wholly filled with a 
compact vacuolated tissue (Pl. XXYV). 

Some time after their extrusion, the larve may enlarge a little, and begin to lose their 
opacity, or this may not take place until they settle. Through the more transparent walls the 
internal attachment of the mesenteries can be seen, and their number and course determined. 
Usually three or four pairs of mesenteries are indicated at this stage, one or both of the lateral 
pairs generally extending as dark, thickened bands farther down the polyp than the two axial 
pairs (Pl. XVII, fig. 125). 

In nearly all cases sections of the freshly extruded larva reveal an almost solid interior, into 
which the very narrow stomodzeum has pushed, as it were, its way; also three or four pairs of 
mesenteries are more or less developed (Pls. XVIII, XXV). Afterwards the four pairs of 
mesenteries seem to grow quickly, so that by the time of settling all may be united with the 
stomodeum, two additional pairs—the fifth and sixth developmental pairs—having appeared in 
the meantime; the latter, however, never unite with the stomodeum for a long time after 
fixation. All the six pairs of protocnemes were already present in freshly extruded larvee of 
Isophyllia dipsacea. Tentacular protuberances seem never to make their appearance before the 
fixation of the larva, nor has any trace of skeletal matter been observed during the free swimming 
stage. 

Within a day or two after extrusion the individual larve settle by the forward aboral pole, 
on any suitable surface which presents itself, and usually independently of one another. Should 
the aboral extremity of the larva be narrow, it rapidly flattens after fixation; the larva as a 
whole shortens greatly, swells laterally, and for the first time the differentiation into basal disk 
and column is established. 

Fixation may take place in close proximity to the parent colony, and in such cases 
probably directly after liberation. It is a common occurrence to find a few young polyps 
adhering to the lower, dead surface of colonies of Manicina and Favia. Lacaze-Duthiers (1899) 
has also shown that in the Caryophyllia obtained from Port Vendres ‘* bouquets” of the coral 
have been produced, evidently by the larve fixing themselves on the exposed region of other 
corallites, and, thus attached, growing to their full dimensions and giving a semblance of budding 
or fissiparity to the usually simple coralla. Von Koch (1890) also describes ‘agoregated ” 
colonies in Balanophyllia, which could only have originated in the same manner. 

A still more remarkable instance of colony formation, from the union of individuals originally 
free and distinct, occurred during the fixation of the larvee of Siderastrea radians. The larve 
settled in groups in such close proximity that when expanded the polypal walls pressed against 
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one another, and produced angulated outlines. In one instance a colony thus produced consisted 
of thirty-two primarily free larvee, in another twelve larvee associated themselves, in a third 
seven, while several groups of three or four polyps were formed. Some of these colonies lived in 
small aquaria for three or four months, during which time the tentacles and skeleton appeared. 
To all appearances they would, under natural conditions, have given rise to actual colonies, 
indistinguishable from ordinary colonies produced by gemmation. (See foot-note, p. +95.) 

Of the numerous larve extruded by corals comparatively few seem to settle, and in aquaria 
the greatest difficulty and uncertainty are experienced in securing permanently fixed individuals. 
Sometimes a number will become fixed, while under what appear to be exactly similar circum- 
stances fixation seems impossible. In addition to the somewhat unnatural conditions under which 
the larva may be placed in aquaria, it seems not improbable that the ripeness of the larve for 
settling may also be a factor. In my experience, if fixation be not effected within two or 
three days after extrusion, it does not take place afterwards. The lary will then remain resting 
or slowly swimming about for an indefinite time, apparently undergoing no development what- 
ever. Larve of S. radians have been kept thus for a period of twenty days. 

Different measures were employed to provide the larvee with suitable surfaces for fixation, 
and at the same time permit of their examination later. Glass dishes and:small pebbles were 
placed in the vessels, and cover glasses floated vertically by means of pieces of cork. These 
provisions, however, were of little service. The most favorable position appeared to be the sides 
and bottom of the glass vessels in which the colonies were living. The larvee being properly 
settled, the vessel was broken with care, and the fragments bearing the larve distributed to other 
vessels in which coral colonies were already established. Many larvee were secured in this way, 
fixed to transparent pieces of glass, and could be taken out at any time, and examined in small 
glass dishes as transparent objects under the microscope. 

Once the larve were fixed, they appeared quite vigorous and hardy, and continued their 
growth even under unfavorable conditions; while larvee which remained unfixed, though kept 
alive and active for several weeks, never increased in size or underwent development in any way. 

Ectoderm.—Vhe larval ectoderm is very broad compared with the same layer in the adult 
polyp. In section the ectoderm of the larva of Agaricta measures 0.1 mm., and that of Fuvia 
Fragum 0.08mm. Most of the usual Anthozoan cellular elements are already differentiated at or 
before extrusion; gland cells, nematoblasts, supporting cells, and nervous elements occur, but 
no muscular fibrils have been recognized. No observations have been made on fresh macerated 
material, but the various cells separated somewhat freely from certain of the specimens preserved 
in formalin. 

Both transverse and vertical sections of the ectoderm exhibit certain zones characterized by 
differentiations in the cellular constituents (fig. 165). The greater number of the nuclei are 
aggregated about the middle of the layer, and inwardly they occur in diminished numbers as far 
as the mesoglea. By reason of the deeply-staining character of the nuclei their zone of 
distribution stands out strongly in moderately thick sections, and macerations show that it 
comprises the nuclei belonging to the supporting cells; the more deeply situated nuclei are 
those of the gland cells, developing nematocysts, and nervous elements. 

The outer half of the ectoderm comprises the swollen portion of the gland cells and the mature 
nematocysts, embedded, as it were, in a matrix of supporting cells; the margin frequently 
shows the swollen bases of the cilia, which stain very strongly in methy! blue. 

The inner zone is not well defined, and in early larve is usually characterized by the presence 
of large numbers of developing nematoblasts. These stain deeply, appear nearly homogeneous, 
but with a nucleus to one side, and are arranged irregularly at all angles to the other constituents; 
as they mature they migrate peripherally, and become arranged at right angles to the surface of 
the layer. 

The gland cells are a very important constituent of the larval ectoderm, and their contents 
are nearly always finely granular, and usually remain unstained. Sometimes the vacuolar part 
extends nearly, if not altogether, across the layer, and on preservation the laryee often throw out 
large quantities of mucus, when the cells become clear. 
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As already mentioned in describing the external characters, the ectoderm cells may contain 
zooxanthe!lwe, mainly restricted to the oral pole, but at times occurring sparsely throughout. 

At the aboral extremity of all the larvee examined the ectoderm undergoes an important 
alteration: nervous elements become developed to such a degree as to suggest that the region 
represents a special sensory organ. The general features of the differentiation are much the 
same in each species (Pl. XXV, fig. 165). From the narrow mesoglea a number of delicate 
fibrils extend parallel with one another and at right angles to the layer, and unite in a reticulum 
which in sections seems largely made up of the cut ends of nerve fibrils. The nerve layer may 
be very broad, and on the outer side is continued into the ectoderm cells. The latter are usually 
more elongated, and more compactly arranged; the mucous cells are greatly diminished in num- 
bers, and the nematocysts and supporting cells have undergone a corresponding increase. 

The special nervous development is not restricted to the actual aboral pole, but extends 
some distance up the wall, gradually becoming weaker and weaker, until ultimately, a little 
below the middle of the larva, it is scarcely distinguishable. 

I have described the occurrence of a similar sense organ at the aboral pole of the larva of 
Lebrunia coralligens (1899), and Professor McMurrich (1891) has found the same in the larva 
of Rhodactis sancti-Thome. It is suggested that the organ is in some way associated with 
the forward position of this end of the larva in swimming, and disappears when the larva 
settles by this extremity. Appelléf (1900) has found a less marked ectodermal modification at 
the aboral pole of the larva of Actinia equina, but in this species no special nerve layer is 
developed. The layer is clearer than elsewhere, and the cells are long and extraordinarily fine, 
and some even seem to terminate in two or more fine fibrils, while on the outside a group of 
longer, less mobile cilia oceurs. Appelléf observed no corresponding differentiation in the aboral 
ectoderm of U7ticina. 

Mouth and Stomodexum.—When the larve are first extruded an oral aperture as a rule is 
indeterminable, though a few hours afterwards a small circular opening can be made out, and 
later the wall around may be partly depressed. Transverse and longitudinal sections through the 
oral pole of freshly extruded individuals also indicate that for a time the mouth and stomodeum 
are not functionally active, and the eetoderm at the entrance to the interior often appears without 
any break. In sections through the stomodwal tube an extremely narrow lumen occurs, but 
the condition of the canal does not suggest that ciliary activity has been established, any more 
than the nearly solid interior of many of the larvee would permit of the circulation of a nutrient 
fluid. The stomodeal ciliation is not always distinguishable, yet when fully active the cilia 
here are the strongest in the whole polyp. The deeper parts of the ectodermal epithelium at 
this stage contain the developing stages of many nematocysts, and the nuclear zone so character- 
istic of the stomodieal ectoderm in adult polyps is not yet strongly differentiated. 

The ectoderm never stops short all the way round at the actual inner termination of the 
stomodeeal tube, but is partly reflected along the endodermal surface, and thence becomes 
continuous with the mesenterial filaments, passing down the free edge of whatever mesenteries 
are wholly complete (Pl. XVIII, fig. 127). In endeavoring to establish the homology of the 
mesenterial filaments, much significance has been attached’ to this reflected ectoderm, and to the 
apparent passage of the stomodeal ectoderm on to the mesenteries (p. 477). 

Endoderm.—Much variation exists as to the condition of the interior of the larvee when 
the latter are newly hatched. In some instances it is filled with a highly vacuolated tissue, so that 
the larva is a nearly solid mass of spheroidal cells; other larvee are hollow toward the middle, 
but provided with a broad endodermal lining. A comparison of the figures on Pls. XV and 
XXV will give an idea of the different internal conditions which have been encountered. 

The vacuolated tissue filling the ccelenteric cavity appears as if made up of distinct spheroidal 
or polygonal cells, each with a definite boundary, and having a nucleus applied to the wall. 
Each cell is occupied almost completely by a large vacuole, but around the walls are granules of 
different sizes which do not stain. The appearance of the tissue is the same throughout, in what- 
ever direction the sections may be made. Zooxanthelle are numerous and may be uniformly 
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distributed, or, as in Agaricia, are more restricted toward the oral extremity and periphery 
(fig. 165). 

In larve of Agaricia and Jsophyllia the endodermal tissue is in its most compact condition, 
and in both transverse and longitudinal sections slits or lines of demarcation are present, which 
limit one portion of the tissue from another. Along the margin of the slits the cells have more 
contents, and the boundaries of the mesenterial filaments and more central part of the mesen- 
teries are also shown, the tissue appearing as a matrix in which these organs are embedded, 
The slits thus serve to delimit a parietal, mesenterial, stomodzal, and middle endodermal tissue 
(Pl. XVIII). In some larvee the slits are represented by wider, more definite spaces, especially 
in the stomodeal region, while below the stomodzeum the middle endodermal tissue can be seen 
in process of breaking down. Only the middle tissue, however, undergoes disorganization; 
that lining the wall and mesenteries persists as a thickened mass for a long time. Where the 
process has continued for some time the middle of the larval cavity is occupied by organic débris, 
comprising granules of various kinds, fragments of cell walls, and zooxanthelle (Pl. XIV, 
fig. 112). This is afterwards extruded by the larve shortly after the establishment of the oral 
aperture (Pl. XIII, fig. 96). 

Fora long time the parietal and mesenterial endoderm remains enormously thickened, arranged 
in high vertical ridges, all the cells of the same vacuolated character, in both respects differing 
from the epithelium of the mature polyps. G. von Koch (1897), in his paper on the development 
of Caryophyllia cyathus, and later in ‘‘ Das Skelett der Steinkorallen,” has drawn particular 
attention to the parietal thickenings of the endoderm in larve of this and a somewhat later stage. 
As a rule the endodermal thickenings assume a definite form and relation with the mesen- 
teries, which varies as the latter increase in number. In the section of the larva of /. fragum, 
represented in fig. 116, they are ten in number, two axial thickenings and four bilateral pairs; at 
a later stage another pair will be formed, and ultimately a thickening will occur in each of the 
twelve mesenterial interspaces. Von Koch (1896) has found similar endodermal swellings in the 
corals Astroides, Balanophyllia, and Caryophyllia, and in the Hydroids Coryne and Tubularia; 
Haddon (1890) figures exactly similar structures in the larva of Huphyllia. 

The thickenings correspond with the positions which later will be occupied by the calcareous 
septa, and yon Koch has applied to them the term Pvosepta (Vorsepten). It is not to be assumed 
that they in any way represent the septa, or are concerned in their formation, for they are just 
as well developed in Actinians, e. g., Lebrunia, which never form a skeleton. From their 
structure and arrangement, von Koch supposes that in the larva the endodermal thickenings 
function as elastic supporting organs; that they are the physiological predecessors of the septa. 
Morphologically they are seen to be the remnants of the vacuolated endoderm, which, at an 
earlier stage, practically filled the interior of the larva. 

When the larva settles the thickenings still persist in the lower region, and extend intermesen- 
terially along the base and for some distance up the column, as shown in the section of 
Manicina (fig. 187). The septal invaginations of the ectoderm arising later are formed within 
the prosepta, so that the skeletotrophic endoderm is greatly thickened from the beginning. 

Apparently in the larval prosepta we have the precursors of the enormously thickened 
vacuolated skeletotrophic endoderm, already described as characteristic of the lower aboral region 
of a great number of corals. 

The prosepta are thus the persistent representatives of the endodermal tissue, which at an 
earlier stage completely occupied the internal cavity of the larvee. The middle portion of this 
tissue becomes disintegrated, and the débris extruded from the larvee, while the peripheral portion 
persists, becomes associated with the skeletal ingrowths, and undergoes more or less histological 
alteration. 

In the larva of the Actinian ZLebrunia (1899) I have already described a somewhat similar, 
nearly solid condition of the interior, and in this case the tissue of the earliest larvee showed 
definite narrow spaces, which were regarded as indicating a primitive ccelom. These spaces 
correspond with the narrow slits and limitations met with in the freshly extruded larve of 
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Agaricia and Isophyllia. Yn the later larvie of Lebrunia the central partof the vacuolated tissue 
had become broken down, and cell débris and zooxanthelle were seen to escape through the oral 
aperture; and thus the adult coelenteron was produced, though for a long time the parietal and 
mesenterial endoderm remained greatly thickened. 

Appellof, toward the close of his paper, ‘* Studien iiber Actinen-Entwicklung,” discusses my 
conception that the endoderm of the larva of Zebrunca is for a time multilaminar, and concludes 
that I am mistaken in my interpretation of the appearances. He surmises that Lebrunia is 
exceptional in that its larval endoderm cells are greatly elongated and highly vacuolated, not that 
they represent a parenchymatous mass, as my observations imply. The various coral larvee here 
investigated show that the more or less solid condition is by no means exceptional in the Zoantharia, 
but is rather the rule. The question at issue is whether the appearances presented by sections 
are due to the vyacuolization of a comparatively few elongated cells, or whether the endodermal 
tissue at this stage is composed of numerous rounded or polygonal cells forming an embryonie 
parenchymatous mass. 

In whatever direction sections are taken the appearances are the same, the tissue seeming 
constituted of rounded or polygonal elements; there is never a radiating appearance, such as would 
be expected did the cells represent a columnar epithelium. The absence of this can not be set 
down to the disappearance of cell limitations, for such are everywhere very obvious. Moreover, 
so far as can be judged, each vacuolated element is provided with a well-defined nucleus, adherent 
to the wall. 

It is manifest, from all the stages available, that the central portion of the tissue becomes 
disorganized shortly after the larva’s extrusion, when functional activity of the stomodeeum has 
been established. As seen in sections, the middle of the larva at this stage is filled with granules 
of various kinds, some staining deeply and others colorless; zooxanthelle and fragments of what 
seem to be cell walls are also plentiful. Were all the cells fixed to the mesoglea by their base, 
we should then have to assume that their centripetal ends become disintegrated and the débris 
extruded, a proceeding which would hardly be expected to occur. 


LARVA OF AGARICIA AGARICITES. 
(Pl. XXV, figs. 165-167.) 


A colony of Agaricia, freshly collected, extruded numbers of larvee within a few hours, all of 
which were directly preserved. ‘The specimens were opaque and about 3 mm. in length; some 
were strongly pear-shaped, and others nearly spherical, and all swam about from the beginning. 
So far as could be made out by examination of the living specimens under the microscope, 
no oral aperture was yet established; a few zooxanthelle were present in the ectoderm around the 
oral extremity. Most of the larve partly collapsed on preservation, whether in formalin or 
corrosive acetic. 

Sections reveal that the larvee are all at the same stage of development. The interior is 
filled with a compact vacuolar tissue, leaving practically no free cavity, and six pairs of mesenteries 
are developed, all of which extend nearly the full length of the inner cavity; four pairs of the 
mesenteries are united with the stomodzxum throughout its length, but the other two pairs nowhere 
reach it. Mesenterial filaments are already borne by all the six pairs of mesenteries, and become 
strongly developed toward the aboral extremity of the larva. Both transverse and longitudinal 
sections indicate that the oral aperture is not yet formed, though evidently just about to be so; 
the stomodal tube already shows a definite lumen, but at its outer extremity the ectoderm 
cells still close over it, and would prevent any communication between the interior and the 
exterior. No ciliation of the stomodal ectoderm can be made out, though this character is 
always very manifest in well-preserved examples of the adult polyps. That the cilia in this 
instance have not disappeared, owing to imperfect preservation, may be inferred from the fact 
that the external ciliation of the ectoderm is still clearly shown. 

The outer ectoderm of the larva is a very broad layer, and the usual histological elements 
of the adult are already present, comprising supporting cells, gland cells, and nematocysts, 
with the addition toward the aboral extremity of a well-developed nerve layer. Zooxanthelle 
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are very limited in number and distribution. Only a few occur around the position at which 
the oral aperture will be formed, as noticed among the external characters. The cellular 
constituents of the ectoderm are distinctly shown in lary doubly stained with borax carmine 
and methyl blue, and the enlarged bases of the cilia are clearly distinguishable. Apparently on 
preservation none of the gland cells extruded their contents, and these are now stained with the 
carmine, while the supporting cells and nematocysts are stained blue. Most of the gland cells 
have finely granular contents, but others are clear, and they may extend nearly the whole width of 
the layer. The nematocysts are small and not very numerous. In the deeper parts of the layer 
are numerous clear, elongated bodies, staining blue, with the nucleus red, which in all probability 
represent developing nematocysts. The nuclear zone is very sharply Tamnieed on its outer margin, 
and the peripheral zone, wholly devoid of nuclei, occupies nearly one-half the thickness of the 
whole ectodermal layer, made up for the most part of the swollen gland cells. 

About midway down the column wall an ectodermal nerve layer begins to appear. At first 
very feeble, it becomes better developed as the aboral extremity is approached, until at the 
actual pole it is very prominent. What seem to be delicate nerve fibrils extend vertically from 
the mesoglea, and then unite in a broad meshwork; under high magnification the mesh exhibits 
the cut ends of very delicate fibrils, especially well seen in transverse sections. At the actual 
extremity the gland cells are less plentiful and nematocysts are more numerous. 

Throughout the larva the mesoglaa scarcely attains any appreciable thickness, but appears 
as a mere dividing lamella between the ectoderm and endoderm; even in the mesenteries 
it is barely seen as a definite layer. Associated with its endodermal surface are nuclear 
bodies which stain deeply in methyl blue, and exhibit somewhat of a punctate character, as if 
nuclei in some mitotic phase, but, owing to their minuteness, no further details can be made 
out. Similar appearances occur also in connection with the mesogloea of the mesenteries, and 
may perhaps be concerned in the formation of the middle layer. 

The endodermal cells are spheroidal or polygonal, and almost completely vacuolated. Zooxan- 
thelle crowd the endoderm cells toward the oral end of the larva, and are sparsely distributed 
throughout; they show a slight tendency toward a restriction around the periphery of the 
endoderm. Although compact, the endodermal tissue presents a definite series of internal 
boundaries associated with the mesenteries, which indicate the lines along which cavities or 
passages will be formed when the larva becomes distended and the belenteric! cavity is ultimately 
established. 

The freshly extruded larvee of Agaricia are somewhat exceptional in the degree to which 
the mesenterial development has already proceeded. In all the specimens examined the 
Edwardsian mesenteries are complete, and though the fifth and sixth pairs are yet free from the 
stomodzum they extend vertically nearly the whole length of the larva. The dorsal directives 
cease aborally a little in advance of the remaining three pairs of complete mesenteries. 

Mesenterial filaments are strongly developed on the Edwardsian mesenteries, and less so on 
the two incomplete pairs; in the former they are in direct continuity with the stomodeal 
ectoderm, but it is obvious that this can not be the case with the latter. The filamental tissue on 
the incomplete pairs only makes its appearance some little distance below the stomodzum, and is 
never so strongly developed as on the other mesenteries. On these the filaments are often weak 
for some distance, but toward their lower termination they become greatly developed, at least on 
the mesenteries of the first and second developmental pairs. Here they are very conspicuous 
objects in sections, and developing nematocysts and gland cells in various stages can be found. 
The filaments have already very definite boundaries distinguishing them from the rest of the 
endodermal tissue. 


LARVA OF ISOPHYLLIA DIPSACEA. 
(Pls. XVII, XVIII, figs. 125-128. ) 


A colony of /sophyllia was collected from which larye were freely extruded from the 
beginning. On their first appearance most of the larve were rod-shaped, but others were 
pear-shaped; at first the former would crawl along the floor of the vessel in a worm-like 
manner, while the others would swim freely throughout the water. The lary were larger than 
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those usually met with in corals, measuring fully 3 mm. in length. When first extruded they 
were densely opaque, and the posterior end (oral) was deeply pigmented. An hour or two after 
being set free some became greatly distended at the aboral pole, and as a consequence were 
more nearly transparent; others, again, became swollen at the oral extremity, the opposite end 
remaining narrow. 

In the inflated larva represented in fig. 125 three pairs of mesenteries were already indicated, 
all extending downward from the minute, circular, oral aperture. The members of one 
pair of mesenteries extended nearly the whole length of the larva, and along their line of 
attachment were much darker and broader than the others. On one side of the pair were two 
other faint mesenterial attachments, which continued but a short way down the polyp, while on 
the other side was a third pair only just apparent, and having a still shorter vertical course. All 
three pairs, however, start from the uppermost extremity of the polyp. 

Some of the larve immediately on extrusion were preserved in formol, and others in 
corrosive acetic, when they threw out a quantity of mucus, which resulted in the adherence of 
minute foreign particles. The distended larve nearly always collapsed during the process of 
preservation. 

Transverse sections of the freshly extruded specimens reveal that the larvee are practically 
solid bodies, the interior being filled with a compact vacuolated tissue, bearing numerous nuclei 
and zooxanthelle. Boundaries in the vacuolar endoderm are indicated toward the middle, in 
association with the mesenteries, and in the middle of some of the lary there is a faint indication 
that the endodermal tissue is beginning to break down, but as yet they are practically solid. 

Toward the oral extremity the endoderm is crowded with zooxanthelle, which are only 
sparingly distributed elsewhere. An examination of the outer ectoderm reveals comparatively 
few alge, and these are scattered somewhat uniformly throughout the layer. The strong 
pigmentation of the oral extremity, noticed among the external characters, is manifestly due to 
the accumulation of zooxanthelle within the oral endoderm, not, as is more usually the case, 
to their presence in large numbers in the ectoderm. 

Both longitudinal and transverse sections through the stomodeum indicate the absence of 
any actual lumen in the tube, and the compact character of the interior of the larva, above 
described, is not such as to suggest that the circulation of any internal nutrient fluid had been 
established up to the moment of liberation. 

The uppermost sections through the oral extremity reveal the presence of three pairs of 
mesenteries, all extending from the outer wall to the stomodeum. The ventral pair, however, 
is represented only by the merest rudiments, and the dorsal pair extends but a short distance; 
neither pair stretches downward the full length of the stomodeum. The middle of the three 
pairs is by far the most important; its members are inserted on the stomodeum throughout its 
extent, and when they become free the edge is tipped with a mesenterial filament which appears 
as a deeply-staining tissue, wholly resembling that of the stomodial ectoderm; the two are in 
absolute continuity with one another, and in every way seem one and the same tissue. The 
mesenterial filament extends nearly two-thirds the length of the polyp, and is very conspicuous in 
sections on account of the deeply-staining character of its constituent cells. The other 
mesenterial pairs present no indications of filaments. 

I. dipsacea is of interest as showing the early stage at which the second and third pairs of 
mesenteries are united with the stomodzum; indeed, they seem to originate at the angle between 
the wall and stomodieal invagination, and thence grow down the column and the stomodzum. 

The ectoderm is characterized by numerous large clear gland cells, which giye out their 
mucus when the larve are preserved. Many large nematocysts are also present, and the aboral 
extremity displays a strongly developed nerve layer. 

LARVA AND YOUNG POLYPS OF FAVIA FRAGUM. 
(Pls. XITI-XV, figs. 96-116. ) 

The polyps of several colonies of this species collected around Port Henderson, early in 
April, were charged with laryee, which were extruded singly from time to time. Occasionally, 
an unfertilized ege would also appear. The larve could be seen through the transparent walls 
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of the expanded polyp as opaque white bodies, moving freely about in the gastro-ccelomic and 
tentacular cavities; upon retraction individual larvee often remained within the tentacular cavity, 
distending it and forming small protuberances on the surface of the colony. The usuai occurrence 
of the larvee within the tentacles would indicate that they made their exit through the tips of 
these organs, but although large numbers escaped while the colonies were nder observation 
the actual point of extrusion was never determined. They were either shot out suddenly, 
with force enough to send them some distance, or merely escaped and fell on the general surface 
of the parent colony. 

Some of the lary were able to swim about immediately on extrusion; others remained 
motionless for a few moments either on the surface of the water or the bottom of the vessel, and 
then commenced vigorous gyratory moyements. The rotation was clock-wise when the larve 
were viewed with the narrow oral extremity upward. When first liberated, the laryee show 
considerable power of adhesion at any part of their surface; on transferring them from one 
vessel to another they would often fix themselves within the pipette, and require a considerable 
force of water to dislodge them. Specimens might adhere either by their anterior or posterior 
extremity for a time, and then commence moving again. 

When first expelled some of the larvee were rod-shaped bodies, about 2 mm. in length, and 
rounded at each end; others were pear-shaped, the broader pole being directed forward and the 
narrow end backward in translation; others again were oval or spherodial. The individuals, 
however, were able to change from one form to another. Seen with the naked eye, or by means 
of a lens, the larvee were strongly opaque, an internal yellowish mass being distinguished from 
a colorless or slightly green external layer. The narrow, posterior, oral pole was for a long time 
more darkly colored than the rest of the larva. 

Under the microscope also the larvee were perfectly opaque, the ciliation was uniform, and 
when first extruded no oral aperture nor mesenterial divisions could be discerned. The surface 
appeared minutely granular, white dots being irregularly distributed over the ectoderm. The 
denser coloration at the narrow oral extremity was seen to be produced by an accumulation of 
yellow cells within the ectoderm, which gradually diminished in number away from the extremity. 
It was possible to determine that the coloration of the internal endoderm was also due to the 
presence of zooxanthelle. Soon after liberation, extrusions of yolk granules and zooxanthelle 
from the oral extremity took place, and continued from time to time (fig. 96). 

Many of the larvee underwent much alteration in shape. The oral extremity became swollen, 
and the aboral narrow, a reversal of the primary condition (fig. 100); but when first extruded 
the larve sometimes exhibited the swollen oral extremity and narrow aboral. 

Within a day or two certain of the larve had settled to the sides of the vessel, becoming 
flattened both orally and aborally; a few zooxanthelle were still present around the oral 
aperture, which had now become functional. Some specimens would again detach themselves 
and move slowly around. After fixation the larvee were more transparent, and at first four 
pairs of mesenterial divisions were visible from the outside, and later six pairs. The settled 
larvee were soon able to extend themselves, and assume the columnar form, appearing greenish 
in color. 

The various stages of mesenterial development were quickly passed through, until all the 
protocnemes were present, the Edwardsian mesenteries complete and the fifth and sixth pairs 
incomplete. Beyond this no increase in the number of mesenteries took place during a period 
of three weeks. Within four days six tentacular prominences were apparent, the larvee at this 
stage usually appearing flask-shaped, with a broad base (fig. 107). During the early stages the 
tentacles often became involved in the expanded discal tissues of which they were outgrowths, 
and as a consequence were indistinguishable as separate organs. Ina young polyp from another 
batch of larvee, the six members of the inner entoccelic cycle also appeared in advance of the 
members of the outer exoceelic cycle (fig. 106). 

One larva was secured attached to a fragment of glass, and could thus be examined as a 
transparent object, and its later development observed. In seven or eight days the mesenterial 
filaments were visible on the first and second pairs of mesenteries as darker internal organs, and 
in about fourteen days six small, clear, oval areas were recognizable within the entoccele of the 
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six pairs of protocnemes, their occurrence suggesting some connection with the first stages in the 
formation of the skeleton (fig. 108). They clearly correspond in position with the six septa of 
Manicina (fig. 135), and it is conceivable that they represent invaginations of the basal wall 
preceding the formation of the septa. No calcareous deposition however was observed to take 
place within them; probably the unfavorable conditions under which the larva was kept interfered 
with its normal development. 

Small polyps are sometimes found around the larger colonies of Favia, and represent 
larve which have fixed themselves immediately or shortly after extrusion. From these 
several further stages of development have been secured, one of which is represented in fig. 
109. The polyp is in a partly expanded state, and only the discal region is indicated, as seen 
under a low power of the microscope. The six pairs of primary mesenteries are present, the 
fifth and sixth pairs still free from the stomodzeum; in addition to these a pair of mesenteries has 
appeared in each dorsal exoccele, and a small pair in each of the middle exocceles. At present 
the metacnemic pairs extend but a short distance over the margin of the disk, but are continued 
farther down the column wall. No mesenteries have yet appeared within the ventral exocceles. 
The significance of the stages in the mesenterial development here represented has been 
already noticed in discussing the appearance of the metacnemes in the Madreporaria generally. 

Of the tentacles six entoccelic and six exoccelic members are already present, forming two 
cycles, the inner tentacles a little larger than the outer, and both slightly knobbed. In addition 
to these a tentacle has arisen in association with each pair of metacnemes, making sixteen in all. 
At this stage it was impossible from their position to say whether the new tentacles were 
entoccelic or exoccelic in relation to the pairs of metacnemes, but it is significant that they follow 
closely upon the development of the mesenteries. Most probably they are the entoccelic 
outgrowths which have appeared somewhat in advance of the exoccelic, following the sequence of 
the prototentacles. 

The different stages secured in the development of /vv/a fragum afford a complete series 
illustrating the order of appearance of the mesenteries in corals, and it is desirable that they 
should be presented in their regular sequence. The series extends from larvee with only one pair 
of complete mesenteries to young polyps in which fission is instituted. The earliest stage occurs 
in non-extruded lary obtained from a colony after decalcification (fig. 112). Three pairs of 
mesenteries are present, but only one pair is complete, and this divides the ccelenteric cayity into 
two unequal chambers. In the larger of these is a second pair of mesenteries, not complete as 
yet, but bearing rudimentary mesenterial filaments; in the smaller chamber is a third pair of 
mesenteries, which are very rudimentary. The first pair extends almost the whole length of the 
larva, the filaments strongly developed all the way; the second terminates some distance in 
advance of the aboral end; while the third has only a very limited course. 

Larvee which had been extruded a few hours when preserved reveal the next stage, 
represented in fig. 113. Two pairs of mesenteries are united with the stomodeeum, and, by 
comparison with the previous figure, the new complete pair is evidently the dorsal pair, the 
second of the mesenterial sequence. The ventral pair (III, III) is no better developed than in 
the former figure, but in sections below the termination of the stomodzeum a new pair has 
appeared between the dorso-lateral pair (fig. 114). This is manifestly the fourth pair in the 
mesenterial sequence, and it is inserted dorsal to the second pair. Also between the first and 
second developmental pairs are found the merest rudiments of another pair (V, V). 

Sections of larve a little older, and in one case of a young polyp already settled, present 
the next stage, where three pairs of mesenteries are inserted on the stomodreum (fig. 115). 
Comparison with fig. 113 indicates that it is the third pair in the mesenterial sequence which has 
now reached completion. The fourth pair extends more upward, and the fifth pair has reached 
the level of the stomodeum; the sixth pair has not yet reached the stomodeal region, but is 
present below (fig. 116). Finally, in larvee which have just settled (figs. 105, 106), four 
mesenterial pairs have become complete, and the fifth and sixth pairs are well developed in the 
upper part of the column, but remain free from the stomodeeum. 

The sequence for the protocnemic pairs is thus complete. The first and second pairs to 
arise become the ventro-lateral and dorso-lateral of the Edwardsian mesenteries, the third pair 
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constitutes the ventral directives, and the fourth the dorsal directives, while the fifth and sixth 
pairs, incomplete as yet, arise on the ventral aspect of the second and first pairs, respectively, the 
fifth a little in advance of the sixth. (See diagrammatic figures on p. 508.) 

A young polyp, settled on the same block of dead coral as a mature colony, affords the next 
stages required in the sequence—the manner of appearance of the first metacnemes. The living 
characters are shown in fig. 109, and a section through the decalcified polyp is diagrammatically 
represented on p. 509. The protocnemes are in the same stage as in the previous figure— 
the first four pairs are complete, but the fifth and sixth are still incomplete. Within the dorsal 
and middle exocceles on each side a pair of mesenteries has appeared, the dorsal pairs being 
better developed than the middle. In fig. 157, showing the arrangement in another decalcified 
young polyp, six pairs of metacnemes have appeared, completing the second cycle, and all the 
members of the first cycle are united with the stomodeum. The six metacnemic pairs thus follow 
a dorso-ventral, or antero-posterior, order in their appearance, but are now practically equal and 
constitute the second cycle of mesenteries. 

Fig. 15g, p. 510, shows the manner of appearance of the first pairs of mesenteries which will 
constitute the third cycle of twelve mesenteries, or second cycle of metacnemes, and it is at this 
stage that fission is introduced (p. 511). 

A tangential vertical section through one of the larvee which had settled, but in which no 
septal formation had yet taken place, is represented by fig. 110, and the right half of the same 
section, more highly magnified, is represented by fig. 111. The four complete mesenteries extend 
from the base to the upper wall, and present a muscular development on each face, the fibers 
being cut obliquely. The endoderm is still greatly thickened, especially basally, while the 
superficial ectoderm has undergone but little change; zooxanthelle are altogether absent, 
though present in abundance in the laryee. 

A great alteration has taken place in the basal ectoderm. It is no longer a broad columnar layer, 
but is represented by little more than fragments, which include a few nuclei and granular matter 
which stains deeply. The mesogloea is likewise extremely narrow except mesenterially, where 
it is much broadened. In these regions can be seen structures similar to the wedge-shaped, 
striated, desmoidal processes characteristic of adult polyps, so that evidently these arise at a very 
early stage in the fixation of the larva; hints of the same processes also appear intermesenterially, 
where the mesogloea is extremely narrow. The larva from which the sections were taken had 
been adherent to a fragment of glass for over a week, and, though no septa were formed, it is 
very probable that the basal plate had already been laid down, as this is one of the first parts 
of the skeleton to appear. The skeletogenic ectoderm is in much the same condition as in 
adult polyps, in regions where growth is not proceeding rapidly. 

The passage from the narrow basal ectoderm to the broad ectoderm of the column at the 
margin of the section is abrupt. The cells around the indented vertical part at the right 
extremity of fig. 111 are somewhat modified compared with those beyond, and are probably 
concerned in the formation of the epitheca. This is certainly the case in the slightly older 
polyp of Manicina represented in fig. 157. 


YOUNG POLYPS OF MANICINA AREOLATA. 
(Pl. XIX, figs. 133-137.) 


To the very complete description of the early stages in the development of this species given 
by Dr. H. V. Wilson, in 1888, I have nothing to add, and will therefore proceed to the point at 
which Wilson’s researches terminated, namely, the formation of the skeleton. The latest stage 
reached in the growth of the Bahama specimens was one in which the twelve protocnemes 
were present, only two pairs of which were connected with the stomodwum. The stage is 
comparable with that represented in fig. 184, Pl. XUX (cf Wilson’s fig. 39), taken from a fixed 
larva four days after extrusion from the parent colony. 

Out of many batches of larvee extruded from a small Jamaican colony only a few individuals 
became fixed, and after several days these were reduced to two, which continued to live for nearly 
three weeks, though under somewhat unfavorable conditions. The larvee were attached to frag- 
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ments of glass, and could be transferred from one jar to another, or submitted to microscopic 
examination. Usually they were kept in vessels in which living colonies of other corals, such 
as Cladocora and Oeulina, were already established. 

Shortly after fixation the first four pairs of mesenteries reached the stomodzeum, but the fifth 
and sixth pairs remained incomplete for the whole period, and no trace of any metacnemes 
appeared. The tentacles protruded toward the beginning of the second week, and, at the time they 
could be definitely recognized, were already twelve in number. 

One of the specimens, viewed as a transparent object, is represented in fig. 135. The meso- 
gleal portion of the mesenteries appears as a clear, colorless line; the Edwardsian mesenteries 
are united with the circular stomodzum, while the fifth and sixth bilateral pairs are incomplete. 
The knobs of the retracted tentacles stand out as darker circular patches, arranged in two alternating 
cycles of six each; the members of the inner cycle are entoceelic and those of the outer are exoceelic 
in position, varying but little in size. Within the entoccles of each of the six pairs of mesen- 
teries is seen the first indication of the skeleton, represented by narrow, septum-like deposits, 
situated some distance from the periphery, and radiating toward the center. A basal granular 
deposit, the first formation of the basal plate, could also be distinguished, but was not studied 
in detail. 

The second polyp is represented in fig. 136, but the corallum has not developed to the same 

degree as in the first polyp. In the dorsal or suleular entoccele the calcareous deposit forms 
two small oval areas; in the sulear entoccele the deposit is also oval and small; while in the 
lateral entocceles it bears more resemblance to a septum. The differences in extent of develop- 
ment suggest that the six septa may not arise with complete uniformity, but under the unfavorable 
conditions to which the polyps were subjected not much importance can be attached to the 
result. Through the oral aperture two other skeletal deposits can be distinguished, the first 
indications of the columella. 
Fig. 135 should be compared with that given by von Koch (1897, p. 760) of the fully expanded 
young polyp of Caryophyllia cyathus. Here, also, the corallum appeared at the Edwardsian 
stage of mesenterial development; the tentacles are in two alternating cycles of six each, and 
the six primary septa have appeared, but are more peripheral in their distribution and are 
already united with the circular theca. In Man/cina no thecal formation occurred during the 
short period the development was followed, but indications of an epitheca were observable. 

Both of the young polyps of Manicina were decalcitied, with the object of ascertaining the 
early stages in the modification of the polypal layers, consequent upon the formation of the 
skeleton. 

A radial vertical section through one of the polyps, including two septal invaginations, is 
represented in fig. 187. It was from such sections that von Koch (1882) established the external 
character of the skeleton in corals. The actual outlines of the polyp are from a camera lucida 
drawing, while the diagrammatic outline of the skeleton has been added. 

The polyp is flattened in retraction, resting npon the skeletal upgrowths, and the mouth is 
widely open. The right half of the section comprises a portion of a mesentery connected with the 
stomodeum, and bearing a mesenterial filament; the left half includes the section of a tentacle, 
which is only distinguishable from the rest of the ectoderm by its greater thickness and the pres- 
ence of large nematocysts. The columnar and discal endoderm is narrow and contains many 
zooxanthelle, while the basal, skeletotrophic endoderm is greatly thickened, except over the 
upper part of the septa. It is devoid of zooxanthellz, and in its other characters closely recalls 
the layer as it occurs in the lower part of the skeletotrophic tissues in adult polyps (fig. 129). 
The mesoglea is extremely narrow throughout. 

Greatest interest attaches to the basal skeletogenic ectoderm. In the actual sections scarcely 
any indications of the layer remain; it has either been removed by decalcification, or, more 
probably, has become greatly reduced as a result of the formation of the skeleton, a condition 
which has been found to characterize the older regions of most coral polyps. A few nuclei 
occur here and there, and in places a detached mesogloea-like membrane, representing the 
skeletal membrane of Bourne. 

Where at each extremity the polyp turns upward the ectoderm for a short distance has 
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undergone a similar modification, though not quite to the same degree; more of the cellular 
character is retained than at the base, but the passage into the broad ectoderm of the column is 
abrupt. It is here that the epitheca is formed, and manifestly it is nothing more than the 
upturned continuation of the basal plate. The epitheca and basal plate are covered only on their 
inner surface by the polypal tissues, while the septal upgrowths from the basal disk are clothed 
on both sides. The first two parts of the skeleton can therefore increase in thickness and extent 
only on one face; but the septa are added to on both faces. The epitheca as yet is unconnected 
with the peripheral septal edges, but in older polyps it rests upon their free exposed margins. 


POSTLARVAL DEVELOPMENT OF SIDERASTRAA RADIANS. 


In both its free and incrusting condition Siderastrea radians is a very abundant coral around 
Jamaica, and fertile colonies have been obtained, and the development of the larye and young 
polyps followed throughout a period of seventeen weeks. 

In the earliest extruded larve the oral aperture is already established, and the interior is 
nearly filled with a vacuolated, parenchymatous tissue, containing numbers of zooxanthelle 
uniformly distributed throughout. Four pairs of mesenteries are present; two lateral pairs are 
complete, but the dorsal and ventral directives are yet free. In later larve the ventral 
directives are inserted on the stomodeum, and the fifth and sixth pairs of mesenteries have 
appeared. The dorsal mesenteries were complete by the time the larve settled, the Edwardsian 
stage being thus reached, but mesenterial filaments were found only on the first and second bilateral 
pairs of mesenteries. The ectoderm is crowded with zooxanthelle at the oral pole, and a few 
occur over all the layer, but become very sparse in the older larve. At the aboral pole the 
nerve layer undergoes a strong development, and nematocysts are more plentiful than elsewhere. 

Wide slits and spaces, both intermesenterially and below the stomodeum, began to appear 
in the larve shortly after extrusion, and represent the permanent gastro-ccelomic cavity. Soon 
the whole of the central part of the vacuolated tissue breaks down, and the middle of the cavity 
is occupied by a mass of organic débris, among which are zooxanthellz and granules of various 
kinds. Extrusions of such débris were bften observed from the free swimming Jarve. Many 
of the larvee became attached to pieces of glass, and the young polyps could thus be examined 
under the microscope in their living condition as transparent objects, and the development of the 
‘arious organs and skeleton followed step by step. The full account of the postlarval development 
will be published shortly, but the salient results may be here briefly summarized. 

Most of the larve were pear-shaped, the swollen extremity as a rule being the oral or 
posterior end in swimming. On fixation many grouped themselves together, and thus from 
primarily free and independent organisms young colonies were derived. Six pairs of mesenteries— 
the Edwardsian members complete, and the fifth and sixth pairs incomplete—were present in 
the newly settled larva. 

Tentacles.—Six equal tentacles, representing a primary cycle, appeared a few days after 
fixation; but are exceptional among all corals whose development has yet been studied in that 
they arise from the exoceelic chambers, not the entoccelic, as is usually the case. Two or three 
weeks elapsed before the entoccelic cycle began to appear, when the members developed either 
simultaneously or in a successive manner. They were situated central to the first cycle to arise, 
and for a long period remained smaller than the others. The development of the two primary 
cycles of tentacles was thus centripetal, the outer exotentacles appearing first and the inner 
entotentacles next. 

The entotentacles of the adult S/derastrea are bifurcated toward their extremity, and in 
the course of their development in the larval polyps the two halves were found to appear 
independently, and with a period of several weeks intervening. The common peduncle was 
developed later, and raised the two moieties above the disk. The exotentacles remained simple 
throughout. 

The second cycle of mesenteries having appeared, another series of tentacles protruded 
from the six additional exoccelic chambers, and with the primary exotentacles formed an outer 
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cycle of twelve. Later, situated between the exoceelic cycle and the primary entotentacles, the 
members of the second cycle of entotentacles begin to appear, as outgrowths from the entocceles 
of the second cycle of mesenteries. 

Thus the exotentacles, whether belonging to the primary or secondary order, appeared 
before the entotentacles, and from the beginning they constituted the outer cycle, at first with 
six and later with twelve members. 

Mesenterics.—For about four weeks no increase beyond the six primary pairs of mesenteries 
took place, and the fifth and sixth pairs remained free from the stomodeum. Then a pair of 
mesenteries appeared within the dorsal exoccele on each side of the polyp. Their first indication 
was as two narrow lines along the column wall toward its aboral termination. These were 
followed by a pair in the right and left middle exocceles, and later by a pair in each ventral 
exoceele. For several weeks the pairs remained of different magnitudes, corresponding with the 
order of their appearance from the dorsal to the ventral aspect (fig. 6, p. 456). After the third 
month they began to extend across the disk, but, like the fifth and sixth pairs of protocnemes, 
never reached the stomodzeum. 

Corallum.—Vhree or four days after fixation, the skeleton was first observed in the form of 
six radiating septal upgrowths, practically equal in size, and situated within the six primary 
entoceeles, about midway between the outer boundary and middle of the polyp. At the same 
time a narrow peripheral calcareous ring was formed, its outer surface uncovered by polypal 
tissues, and undoubtedly to be regarded as the epitheca. Macerations made later show the ring 
to be continuous with the Jasa/ plate, which very early made its appearance. A day or two after 
the formation of the first cycle of entosepta, the six exoccelic members began to appear, in some 
cases simultaneously, but in others in successive bilateral pairs from the dorsal to the ventral 
aspects (fig. 12, p. 492). 

During the course of the third week other calcareous deposits took place, some appearing 
as angulated continuations of the primary septa, and others arising wholly independent. For 
two or three months the further development consisted mainly in the increase in size and com- 
plexity of the parts mentioned, the general impression being that of two cycles of septa, a larger 
and a smaller, having their peripheral extremity enlarged in a Y-shaped manner, but free from 
the epitheca. The columella was formed partly from independent upgrowths from the basal 
plate, and partly by centripetal extensions of the entosepta. 

On the establishment of the second cycle of mesenteries, which naturally corresponded in 
position with the primary exosepta, new calcareous formations appeared independently at the 
periphery of the entocceles, and later fused with the primary exosepta already in the same 
radius. The peripheral angulations of the primary exosepta became new and independent 
exosepta, situated within the twelve exoceeles. The skeletal changes now going on were some- 
what obscure and complicated, but according to my interpretation they afford clear evidence 
that the members of the second cycle of entosepta must be regarded as new formations, even 
though later they fuse with the remnants of the primary exosepta. The continuations of the 
primary exosepta remain exosepta, and for the time being constituted the third cycle of septa. 
A distinct dorso-ventrality was manifest in the development of the septa. 


row 


PART ILI. 


SYSTEMATIC. 


CLASSIFICATION OF THE MADREPORARIA. 


The absence of any extensive knowledge of the morphology of the polyps of the Madreporaria 
accounts, in some measure, for the anomaly that the classifications of the group proposed from 
time to time have been founded upon skeletal characters alone. The best known, and until 
recently most widely accepted arrangement, is that presented by Milne Edwards and Haime, 
in their Histoire Naturelle des Coralliaires (1857-1860). These writers divide the Sclero- 
dermic Zoantharia, upon skeletal considerations only, into five sections: Jadreporaria aporosa, 
M. perforata, M. tubulosa, M. tabulata, and M. rugosa. According to Professor Duncan, in 
Revision of the Families and Genera of the Madreporaria (1885), the Tubulosa no longer exists, 
and the section Tabulata has been eliminated by H. N. Moseley.“ Duncan, however, accepts 
the Madreporaria Aporosa, Perforata, and the Rugosa. J. J. Quelch, in the report on the 
‘** Challenger” reef corals (1886), altogether rejects the ancient group of the Rugosa, and mingles 
its families with those of the more modern Aporosa.’ 

Mainly upon considerations of the presence or absence of a Randplatte or Edge-zone, von 
Heider (1886) has suggested the possibility of subdividing the Madreporaria into Huthecalia 
and Pxeudothecalia; A. Ortmann (1890), from his studies of the thecal characters and methods of 
asexual growth, recognizes the two orders Athecalia and HLuthecalia, and subdivides the first into 
three suborders: [nexpleta, Synapticulata, and Pseudothecalia. 'The latest important attempt at 
founding a taxonomic system, based entirely upon skeletal characters, is the arrangement 
proposed by Miss Ogilvie (1897), as a result of her elaborate investigations on the microscopic 
structure of the corallum. 

While acknowledging the value of many of Miss Ogilvie’s suggestions, the classification 
advanced has everywhere been received with hesitation. In his recent paper on the corals 
of the Gulf of Lyons, Professor Lacaze-Duthiers (1897) contends for the retention of the 
classification of Milne Edwards and Haime as entirely adequate for all practical purposes. 

In the present connection it is not proposed to discuss all these suggested schemes. It is 
generally admitted that the skeleton alone is inadequate as a basis upon which to establish a 
natural classitication. It is only needful here to refer to whatever attempts have been made to 
utilize the anatomical characters of the polyp. In general, the skeleton of corals so yery closely 
reproduces the fundamental characteristics of the polyps themselves, that an approximate 
knowledge of the essential features of the latter can often be surmised from it, much more than 
in the case of the skeleton and soft parts of the more complex groups of animals. Thus, the 


@See also Verrill, 1869, p. 518. 

> Bourne, in the article “‘ Anthozoa’’, in Lankester’s Treatise on Zoology, adopts the classification of Duncan, 
with the modifications introduced by Queleh. In doing so, he writes (p. 70): ‘It cannot be pretended that it is a 
natural or a satisfactory classification, yet it is the best which can be offered in the present state of our knowledge. 
Other systems haye been proposed, but they have not stood the test of criticism, and have been ephemeral.” 
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relationships of the septa to the mesenteries and tentacles being established, Professor Haeckel’s 
classification of the Anthozoa into Tetracoralla, Hexacoralla, and Octocoralla, applies with equal 
force to the polyps as to the corallum. 

It was early recognized that externally the polyps of corals very closely resemble Actinian 
polyps, and subsequent investigations along anatomical and histological lines have but served to 
emphasize the unity of structure. The question therefore naturally suggests itself as to how far 
the principles of classification adopted in the latter can be applied to the former. The earlier 
subdivisions of the Actiniaria, as for example those adopted in Gosse’s Actinologia Britannica 
(1860), and in Andres’ Le Attinie (1883), rested wholly upon external characters. Mainly as 
a result of the Actinological researches of the brothers O. and R. Hertwig (1879), the great 
value of the arrangement of the mesenteries as an aid in classification was first realized. The 
report by Prof. R. Hertwig (1882) on the ‘* Challenger” Actiniaria, as well as subsequent contri- 
butions by numerous workers, show how very widely and successfully anatomical characters may 
be employed in determining phylogenetic relationships in the group. The main subdivisions of 
the Actiniaria—Hexactinex, Zoanthezx, Cerianthesee—now rest most firmly upon the one character 
of mesenterial development and adult arrangement, while other distinctive features found to be 
associated with them prove that the selection has by no means an arbitrary significance.” The 
mode of development and adult arrangement of the mesenteries enable forms to be associated 
which agree in more fundamental details than is possible by any other selection, thus proving 
that the mesenteries most nearly afford a basis for a true natural classification. 

In addition to the aid from the mesenteries, systematic characters of greater or less value 
among the Actiniaria are afforded by the arrangement and form of the tentacles; the distribu- 
tion and extent of development of the musculature, especially the presence or absence of columnar 
ectodermal muscle fibers, and the nature of the sphincter muscle; the presence of vesicular or 
other outgrowths of the column wall; free, fixed, colonial, or simple habit; presence or absence 
of acontia, ete. 

We may now see how far these structural characters, so helpful among the Actiniaria, have 
been or can be applied to the classification of the Madreporaria, or what others may be forth- 
coming within the group itself. G.C. Bourne, in 1887, discussed the subject of the arrangement 
of the Madreporaria in connection with his studies of the anatomy of the soft parts of certain 
species, and remarks (p. 12): 

“Tt has lone been felt that a classification of Madreporarian polyps based on a study of the 
corallum alone is unsatisfactory, and that any attempt to remodel the old classifications should 
depend on a systematic study of the relations between the corallum and the polyp. Owing to the 
difficulty of obtaining material, and of dealing with it when obtained, the number of forms 
examined is as yet small, and the results of recent researches have not advanced us very far 
towards an improved classification.” 

Later (p. 24), he writes: 

‘‘Thave treated the questions relating to the corallum at length, because every fresh form that 
is examined convinces me that the expectations formed of founding a new classification of the 
Madreporaria on the anatomy of the polyp are to meet with disappointment. There is singularly 
little variation in the forms hitherto examined.” 

However, the same author (p. 29), regarding the presence or absence of radial symmetry and 
of a‘ Randplatte” as of taxonomic importance, suggests the following arrangement as warranted 
by the facts known at that time: 

1. Madreporaria with no directive mesenteries and a perfectly radial symmetry, Lophohelia, 
Mussa, Euphyllia. 

2. Madreporaria with directive mesenteries and a combined radial and bilateral symmetry, 
Tubinaria, Rhodopsammia, Hungia, and many others. 

3. Madreporaria with reduced radial symmetry and marked bilateral arrangement of parts, 
Madrepora, Pocillopora, Seriatopora. 


«The tendency in Actinological writings is now to regard each of these three divisions as ranking in importance 
with the principal divisions of the Anthozoa—Alecyonaria, Antipatharia, etc. 
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4. Madreporaria with a basal pseudotheca and no ‘‘ Randplatte,” 7’Vabel/im. 

None of these characters, however, can be regarded as of importance in the foundation of the 
principal subdivisions of the group. Investigations on the Actiniaria, as well as those here given 
on the Madreporaria, indicate the exact value to be assigned such details as the presence or 
absence of directive mesenteries, while questions of symmetry, unaccompanied by developmental 
history, have very little significance. For example, the apical polyps of JJadrepora exhibit 
externally the most perfect radial symmetry, while the radial polyps from which they are derived 
are markedly bilateral. The presence or absence of directives is a secondary, not primary, char- 
acter, already shown to be dependent upon the mode of asexual reproduction of the species, and 
has therefore no fundamental significance. The marked bilateral arrangement of the parts in 
Madrepora, Pocillopora, and Seriatopora ave a retention of larval characteristics. 

The quotations from Bourne accurately represent the opinion of zoophytologists with regard 
to the classificatory value of the Madreporarian polyp, and little progress along such lines has 
since been made, while much attention has been concentrated on the skeleton. 

Undoubtedly the mesenteries are the organs of greatest taxonomic importance among the 
Anthozoa; for the tentacles and most other outgrowths which may occur are arranged in strict 
accordance with them, and in the Madreporaria the arrangement of the septa follows most 
directly upon that of the mesenteries. From a truly morphological standpoint all other polypal 
structures are of subordinate value. It may, therefore, be safely accepted that so far as any 
classification among the Madreporaria can be founded upon differences in the mesenteric system 
it will be fundamental, and of course the same remark applies to the septal system, as this is 
determined by the former. 

Reviewing the arrangement of the mesenteries so far disclosed within the Madreporaria a 
perfect uniformity occurs as far as the protocnemic stage, or stage with-only six pairs of mesen- 
teries. It seems doubtful, however, whether any species of living coral invariably retains this 
primary condition in all its mature polyps. No such group of Actinians is now known since 
Faurot (1895) discovered four or six pairs of rudimentary metacnemes in Adwardsia. By far 
the majority of the adult polyps of Porvtes and Madrepora never get beyond the protocnemic 
stage, but occasionally such examples occur. According to Moseley and Fowler, the adult polyps 
of Pocillopora and Seriatopora have only six pairs of mesenteries, but Verrill and Quelch 
mention that occasionally twenty-four septa are present, which would imply the occurrence of 
twelve pairs of mesenteries in the polyp. 

The protocnemic stage being probably alike in all modern corals, it is clear that any diver- 
gences in the mesenterial plan must be looked for in the subsequent development, that is, in the 
metacnemic succession. 

Two altogether different types of metacnemic sequence and adult arrangement are now 
known—the one in which the metacnemes appear in unilateral (isocnemic) pairs all round the polyp, 
and in the adult present a cyclic disposition, represented by the majority of corals; and the other 
with a bilateral origin and arrangement of the mesenteries throughout, as yet definitely ascertained 
only for the genera Porites and Madrepora. The two types have been shown to be somewhat 
comparable with the metacnemic sequence and resulting arrangement in the Hexactiniw and 
Ceriantheze among the Actiniaria, and I propose to make of them two Madreporarian groups 
of nearly equivalent value as follows: 

Entocnemaria.—Madreporaria in which the mesenteries always arise in bilateral pairs, and 
beyond the protoenemic stage the increase takes place within one or both of the directive 
entocceles. 

Cyclocnemaria.—Madreporaria in which the mesenteries beyond the protocnemic stage arise 
in isoenemic unilateral pairs within the primary exocceles. The mesenteries in the adult are 
usually arranged in two or more alternating cycles. 

So far as our knowledge of the anatomy and development of coral polyps goes, the second 
group will include the majority of recent forms, and fossil genera in which a regular multicyclic 
disposition of the septa can be established, while the first will comprise 2%r/tes, Madrepora, and 
probably certain fossil corals exhibiting a bilateral arrangement of the septa. The Entocnemaria 
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were the earliest in the phylogenetic history of the Madreporaria, the Cyclocnemaria appearing 
comparatively late. 

It is, of course, uncertain as to how far later researches on similar lines will reveal other sys- 
tems of mesenterial and septal development. Any other distinct type which may be discovered 
will, however, merit recognition of equal value. Seeing that in the Zoanthez, among the Acti- 
niaria, another wholly distinct type actually exists, the possibility should be borne in mind. 
Among: the bilateral Paleozoic corals growth occurred in a bilateral manner at other than the 
dorsal or ventral axial regions; the septal growth in Zaphrentoid corals like Streptelasma and 
Zaphrentis was undoubtedly unlike that in any of the forms here described. In many respects 
it suggests such a development as would he followed in polyps with a mesenterial sequence like 
that characteristic of the Zoanthex.” 

One very suggestive result of the recent study of corals is the demonstration that very 
often an alteration of the septal arrangement takes place between its primary plan and that in 
the mature calice. Thus von Koch (1889), by a complete series of transverse sections, has proved 
that the octameral Curyophyllia rugosa is hexameral so far as the two primary cycles of 
septa are concerned, and that it is only with the appearance of the third cycle that irregularities 
are introduced which lead to the octameral plan characteristic of the mature corallum. 

In this connection the remarks of Count Pourtalés, in Deep Sea Corals (1871), are also 
particularly instructive. Discussing the order Rugosa he states: 

“Mar. R. Ludwig has shown (H. von Meyer’s Paleontographica, Vols. X and XIV) that the 
tetameral arrangement claimed for the Rugosa is only apparent, there being originally six 
primary septa; but that further development in each system is asymmetrical, and that two of 
the systems remain generally undeveloped. I had, before having knowledge of Ludwig's 
researches, come substantially to the same conclusions by the examination of Lophophyllum pro- 
liferum Edw. and H., from the carboniferous formation, a form very suitable for that study. 
When the youngest stage of the coral is examined by cutting through the tip of the conical 
Lophophyllum proliferum, six primary septa and six interseptal chambers are found, placed 
symmetrically on two sides of a vertical plane, and unequally developed.” 

This reference of the septa of the Rugosa or Tetracoralla to a primary hexameral system 
receives additional support from what is shown to be characteristic of the early polyps of the 
Actiniaria and Madreporaria. The protocnemic stage of recent corals is hexameral, whatever be 
the subsequent arrangement, and the evidence given above would seem to prove a like 
protocnemic stage for the ancient corals; in which case all the mesenterial and septal divergences 
characteristic of the fossil corals took place from this stage, as in living corals and anemones, 
and the adult tetrameral symmetry is only secondary. 

The fact that in Porites and Madrepora only eight of the twelve protocnemes ever become 
complete, and that in other polyps the union of the remaining pairs with the stomodeum is 
always long delayed, may perhaps be taken as suggestive of an ancestry in which the unilateral 
pairs throughout consisted of a complete and incomplete moiety (anisocnemic), as in the Zoanthids 
of to-day. 

The adult hexameral plan is by no means invariable among recent Madreporaria. Duncan 
(1885, p. 7), discussing the definition of the Madreporaria Aporosa by Milne Edwards and Haime, 
states: ** Moreover the hexameral arrangement of the septa is not constant; it may be pentameral, 
heptameral, octameral, or decameral.” The recent deep-sea genera //aplophyllin Pourtales, and 
Cuynia Dunean, have been assigned tetameral septa, as is also the case with the Cretaceous 
TTolocystis M.-E. and H. It will be necessary in these cases to ascertain the developmental 
history of the corals before the exact value can be accorded their adult symmetry. 

Whether the primary plan of the mesenteries and septa of the Paleozoic corals were tetameral 
or hexameral, it has been clearly shown that the mesenteries and septa increased in a bilateral 
manner from two or more restricted regions. This was first emphasized by Ludwig (1862, 


“**Relationships of the Rugosa (Tetracoralla) to the living Zoanthex.’’? Johns Hopkins Uniy. Cire., vol. 
xxi, no. 155; also, Ann. Mag. Nat. Hist., ser. 7, vol. x, May, 1902. 
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1865) and Kunth (1869-70), and is regarded by Neumayr (1889) as a characteristic of the 
highest morphological significance. The bilaterality in many forms is only clearly developed in 
the early stages, but the external surface of corallites often exhibits pinnate streaks or ridges 
which correspond with the internal septa, and these demonstrate conclusively the bilateral manner 
in which the septa have arisen, e. g., Streptelasma, Zaphrentis. 

In the Cyclocnemaria the mesenteries are as a rule arranged in two or more regular cycles, 
while in the Entoenemaria they are in one cycle only, with merely alternately large and 
small members. In the absence of any knowledge of the soft parts of a coral we may assume 
that in general the septa of the former group will be polycyclic, while those of the latter will be 
monocyclic or at most dicyclic. Where asexual reproduction by incomplete discal fission prevails, 
there is a tendency toward the dicyclic condition, but these forms can be readily distinguished 
from the Paleozoic types with merely large and small alternating septa. 

With regard to the further employment of the mesenteries and septa of Madreporaria for 
taxonomic purposes, the wide differences in the arrangement and nature of these organs in 
gemmiferous and fissiparous genera may now be considered. In mature polyps of the former it 
has been found that a cyclical regularity prevails, and two pairs of directives are always 
present, but in the latter the introduction and continuance of fission carries with it marked 
changes, not only in the mesenteries, but also in the septa and tentacles. No other polypal 
characteristic seems to exert such a profound influence upon the nature of the compound coral 
as a whole. But by no means can the results of fission be regarded as of such fundamental 
significance as those distinguishing the Entocnemaria and Cyclocnemaria. The young polyps of 
both gemmiferous and fissiparous genera are built upon exactly the same plan, and it is only with 
the advent of vegetative reproduction that they become divergent. 

Fissiparity would appear to be a condition which may arise in any group of corals, and its 
occurrence does not necessarily indicate any natural relationship among the forms in which it 
prevails. In any classificatory scheme it can probably be regarded as only of subfamily impor- 
tance, which is practically the position assigned it by Duncan.“ In this case the divisions, in 
whatever families they occur, may be defined as follows: 

Gemmantes.—Asexual reproduction takes place by gemmation, and each polyp represents a 
distinct individual. The tentacles, mesenteries, and septa are arranged in alternating cycles, and 
two pairs of directive mesenteries are present in each polyp. 

Fissiparantes.—Asexual reproduction takes place by stomodzeal fission, without the production 
of morphologically complete polyps. The tentacles, mesenteries, and septa, after fission is estab- 
lished, are not arranged in regular alternating cycles, and no new directive mesenteries arise. 

The arrangement and form of the tentacles in the Madreporaria can not attain that 
systematic value which they possess in the Actiniaria. In the latter the origin of one or more 
tentacles from a single mesenteric chamber is a character of much importance, and affords a 
means of dividing the Hexactinie into the two suborders Actininz and Stichodactyline. In the 
corals no instance of the stichodactylinous condition has been met with, and any other tentacular 
characteristic so far disclosed seems worthy of only generic, rarely of family, recognition. With 
the exception of the bifurcated entoccelic tentacles in the single genus S/derastrea, the organs 
are invariably simple in corals. As a rule they are arranged in close, alternating, entacmous 
cycles, but in the Fungide the cycles are distant and tend to lose their regularity of disposition. 
The prevalence of the knobbed or swollen tentacular apex in corals is noteworthy, considering 
how rarely it occurs in the Actiniaria (e. g., Corynactis, Ricordea, Corallimorphus). Tentacular 
introversion is probably very general throughout the Madreporaria, but rare among the 
Actiniaria. 

The sphincter muscle is another structure which the Herwigs first brought into prominence 
as an aid in the classification of Actinian polyps. It occurs toward the apex of the column wall 
in nearly all anemones, and, next to the arrangement of the mesenteries and tentacles, occupies an 
important place in all Actinological studies. Various types of sphincter are recognized, such as 
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‘diffuse endodermal,” ‘* restricted endodermal,” ‘‘ constricted endodermal,” ‘* aggregated,” 
‘single or double mesogloal,” and one or another is usually found to be characteristic of 
Actiniarian families. 

When the polyps of the Madreporaria are taken into account, this structural feature is found 
to be almost entirely wanting. In most corals a circular endodermal muscle is present, but it 
rarely undergoes any increased development toward the apex of the column, such as can be 
regarded as constituting a special sphincter. In the larger polyps, like those of Orbicella and 
Tsophyllia, a slight concentration of muscle fibers takes place, but only deserving of the title of 
‘* diffuse endodermal muscle,” which represents the simplest form of sphincter development 
(Pl. VIII, fig. 65). In J/sophyllia (Pl. XI, fig. 121) the mesogloeal processes supporting the 
musculature become a little more thickened and branched, and the whole structure may perhaps 
be regarded as having attained the next type of muscular complexity, that known as the 
‘restricted endodermal.” 

The mesenterial musculature, likewise, presents no important differentiations in the coral 
species studied. Different degrees of development of the longitudinal retractor muscle are 
indicated by more or less deeply folded or branched mesoglceal plaitings, but present none of 
the variety of form met with in the Actiniz. The basilar muscle is absent, and the parieto- 
basilar appears to be the same. 

The nature of the column wall and disk in Madreporarian polyps, likewise, affords few distin- 
guishing features. It is in all cases devoid of the simple or complex outgrowths, such asacrorhagi, 
adhesive or spheroidal verrucse, which characterize many genera and even families of Actiniz. 
In the more or less retracted condition, under which coral polyps generally will be studied, one 
can merely distinguish forms with a smooth surface, as contrasted with exteriors which are 
verrucose, the latter condition a result of the costal or septal denticulations upon which the 
tissues come to rest. 

Among the Actiniaria, Carlgren (1893) has employed the presence or absence of ciliated bands 
to the mesenterial filaments, and the presence or absence of an ectodermal musculature and 
ganglion layer on the column wall, as features of diagnostic and phylogenetic importance. As 
already shown, the mesenterial filaments of all the Madreporaria are alike in the absence of 
true independent ciliated bands, and any muscular or nervous elements with which the ecto- 
derm of the column wall may be provided do not form distinct layers. 

On the other hand, certain polypal characteristics occur within the Madreporaria which are 
either wanting or do not assume much importance within the Actiniaria. Among these may be 
mentioned the resulting form of the colony due to the method of vegetative growth, the canal 
system of perforate corals, the presence of synapticular perforations, the septal and other invag- 
inations of the basal disk, and the extrusion of mesenterial filaments along with the mesenteries 
to which they are attached. All these will be found to be of systematic importance in polypal 
studies, though not attaining the value assigned them in works concerned only with the skeleton. 

The canal system of the Porose corals, representing as it does merely complicated outgrowths 
of the basal wall, has but little morphological significance, though modifying the corallum and 
polypal tissues profoundly. The importance assigned the presence or absence of the canal] 
systems in the classificatory scheme of Milne Edwards and Haime has been of great utility, but 
the character has not that fundamental value which one would desire for a primary division, and 
van not take precedence of the mesenterial and septal arrangement in any natural system. The 
same must be said also of the synapticula, which are the chief characteristics of the Fungacea. 
They are merely skeletal growths connecting adjacent septa, but in the genera Siderastrea, 
Agaricia, and Fungia they are certainly associated with peculiarities in the form of the tentacles 
and their wide distance apart, hence their presence may be indicative of some deeper natural 
relationship. 

I have thus briefly indicated the anatomical and histological features in the species of Madre- 
poraria here studied which are available for purposes of founding a more natural classification 
than those yet proposed. It must be admitted that twenty-six species, distributed among twenty 
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genera, is but a mere fragment of the group for this purpose, even when combined with the 
knowledge available from the labors of others. It should, however, be taken as a contribution 
around which other researches may accumulate.@ 

The only fundamental distinction which the facts as yet seem to warrant is the recognition 
of the two great groups, Entocnemaria and Cyclocnemaria. The material studied is insufficient 
to determine the exact taxonomic value of the canalicular system and the formation of synapticula. 
Their small morphological value has been noticed, but it is not certain as to how far other 
important structural features may be associated with their presence. From the conditions 
already described in Séderastrea and Agaricia, there would seem to be some connection between 
the occurrence of synapticula and peculiarities in the tentacular system. I have therefore for 
the present retained the divisions of Perforata and A porosa, and Fungacea, until further results can 
be obtained which will enable their precise significance to be understood. 

From the few generic representatives studied, it would be premature to attempt a diagnosis 
of the polypal characteristics of the families included, and I have therefore omitted such entirely. 
No doubt some of the generic characters given should rank as of family importance. I have 
attempted to define the genera in terms of the polyp, at the same time giving the species from 
which alone the characters have been drawn. ‘To the definition of each genus I have added the 
diagnosis given by Duncan (1885) in the ‘* Revision,” so that in each case the skeletal and polypal 
descriptions can be compared side by side. It will be understood that the latter definitions are 
founded entirely upon the types studied, and consequently may require modification as the soft 
parts of other representatives become known. Before any genus or species of coral can be fully 
known, it is necessary, of course, to possess descriptions of both the skeleton and the polyp, but 
the scope of the present work is wholly confined to the latter, and does not presume a complete 
systematic account of the species. 

I have fully described only a single representative of each genus, though in many cases 
other species have been investigated. In the interests of systematic studies upon the West 
Indian Madreporaria, it is highly desirable that a comparative description should be made of the 
polyps of as many representatives of each genus as possible, in order to determine the range of 
variation, and material for such is now in hand. 


¢ Certain results, bearing upon the morphological classification of the Madreporaria, have presented themselves 
since the above was written, and are given in a series of four papers, ‘‘The Morphology of the Madreporaria,’’ appear- 
ing in the Annals and Magazine of Natural History, 1902-3. The distinctions already found between corals repro- 
ducing by gemmation and by fissiparity obtain a greater phylogenetic significance from the fact that apparently the 
one or the other method of growth is altogether characteristic of any particular species. There seems to be no 
intermingling in a species as regards the two methods of asexual growth; it is shown that the few instances of 
simple fission hitherto considered to occur in corals which are usually gemmiferous, are really examples of a peculiar 
method of budding, which I have termed ‘‘fissiparous gemmation.’’ The distinction between fissiparous and 
gemmiferous corals must be regarded as of greater taxonomic importance than is accorded it above. Further, the 
mesenterial increase beyond the protocnemic stage, occurring in Porites and Madrepora, is shown to be associated with 
fissiparous gemmation, hence the process can not be compared with the metacnemic growth in corals generally. 
Studies upon other than West Indian representatives of the genera are necessary before the full morphological value 
can be assigned the great differences between the mesenterial plan of Porites and Madrepora and that of other corals. 
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MADREPORARIA. 


Anthozoa of which the polyps are either simple or colonial; the basal ectoderm gives rise to a 
continuous external calcareous skeleton, usually consisting of basal, peripheral, and radial elements. 
Colonial polyps are in communication around the proximal termination of the column, and sometimes 
by basal canals perforating the skeleton. Tentacles in alternating cycles, often with a knobbed or 
swollen apex. Stomodeum smooth or ridged, without gonidial grooves or siphonoglyphs. The mesen- 
teries include a primary cycle of six pairs, appearing successively in bilateral pairs, two pairs of which 
are directives, and usually a second series which arise antero-posteriorly, as isocnemic exocelic pairs 
all round the polyp and become arranged in cycles, or as bilateral pairs at one or more restricted 
regions of the polyp. Mesenterial filaments simple, without lateral ciliated bands. Lower region of 
gastro-celomic cavity subdivided by septal invaginations, alternating with the mesenteries, sometimes 
perforated by skeletal growths. Reproduction sexual and asexual; asexual reproduction frequent, 
by gemmation and fissiparity. 

I.—ENTOCNEMARIA. 


MApREPORARIA IN WHICH THE MESENTERIES ALWAYS ARISE IN BILATERAL PAIRS, AND 
BEYOND THE PROTOCNEMIC STAGE THE INCREASE TAKES PLACE WITHIN ONE OR BOTH OF THE 
DIRECTIVE ENTOCGLES. 

A.—SECTION PERFORATA. 


MADREPORARIA IN WHICH THE BASAL DISK FORMS CANAL-LIKE OUTGROWTHS PERFORATING 
THE SKELETON, WHICH IN COLONIES PLACE THE DIFFERENT POLYPAL CAVITIES IN COMMUNICA- 
TION. 

Mamily MADREPORID . 
Genus MADREPORA Linneus./@ 


Polyps small, often dimorphic (axial and radial), forming ramose, foliaceous, or incrusting fixed 
colonies, united one with another superficially by continuations of the column wall (ccenosarc) without 
lines of demarcation; pericalicular continuation of gastro-celomic cavity by canals without mesenterial 
prolongations. Free portion of column only slightly protrusible, more so in apical polyps; incapable of 
overfolding; no sphincter. Tentacles of radial polyps six in number, equal, acute; tentacles of radial 
polyps strongly bilateral in axial-abaxial plane, larval in extent of development, twelve in number, rarely 
more; unicyclic, smooth, not knobbed at apex, introvertible. Stomodeal walls smooth. 

Mesenteries unicyclic, in Hidwardsia-stage, rarely more than six pairs, when increase takes place by _ 
the addition of bilateral pairs within the two axial entoceeles; all filamentiferous. Septal invaginations 
usually twelve, dicyclic, entoccelic and exoccelic, axial and abaxial often largest, interrupted below, unite 
centrally (columella), forming six distinct mesenterial loculi which terminate gradually or are truncated. 
Gastro-ceelomic cavities in communication throughout colony by a basal canal system, as well as by 
pericalicular canals. 

Asexual reproduction by columnar gemmation, rarely by fissiparous gemmation. 


Exameies.—Madrepora muricata Linn.; forme prolifera (Lam.), cervicornis (Lam.), pali- 
ata (Lam.). 


«“Qolony very variable in shape, branching, bush-shaped, expanding, flat, corymbiform, or foliaceous, pedunculate 
or incrusting. Gemmation around the parent corallite and from the side of the other calices. Ccenenchyma abundant, 
spongy, reticulate, spinulose, growing exogenously from the porous walls of the corallites. Calices variable in shape, 
projecting or immersed, but never all so; terminal calices, or some among the mass, longest or largest (parents). 
Septa distinct, variable in solidity, two opposite primaries largest and nearly meeting. Twelve tentacles, and one 
larger than the cthers. No columella. An endotheca may exist, which occasionally becomes tabulate.’’ (Duncan, 
1885, p. 183.) 
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MADREPORA MURICATA Linnzus. 
(Pls. I-III, figs. 1-27.) 


External characters.—Madrepores are every where abundant on the reefs around Jamaica, and 
in other places on the sea floor, where conditions are favorable. The three forms, or rather 
groups of forms, recognized by Brook (1893), and by practically all writers, are always readily 
distinguishable, and are often found living together. Broadly speaking, they are as follows: 

1. The flabellate or palmate colonies, with large, flat or concave fronds, usually several 
radiating from an incrusting base: Horma palmata. 

2. Much-branched colonies, several branches radiating obliquely from a common center, 
main branches about 1.7 em. thick at the base: Forma prolifera. 

3. Large, more erect colonies than the last, less branched except toward the periphery, 
stem and branches much stouter, from 2 to 4 em. thick: Forma cervicornis. 

In Jamaican waters the three typical forms are distributed as follows: Thin flabellate colonies 
occur in the shallowest regions, beginning at a depth sufficient to permit of their extremities 
being exposed during the lowest tides, and extending downward to several fathoms. Beyond a 
fathom or two these are for the most part replaced by the palmate variety, in which the proximal 
part of each division becomes very thick and may be nearly rounded, the distal region only being 
thin and flattened. Associated with the flabellate and palmate colonies may be the prolifera form, 
but this rarely reaches so near the surface as palmata. At depths of from two to three fathoms 
the true cervicorn/s commences, and often forms dense thickets. 

Where a properly equipped laboratory is not established, some difficulty is experienced in 
securing the polyps in a fully expanded state under conditions suitable for observation. Zn s7tw 
they may sometimes be seen fully expanded, but, upon breaking off a fragment for closer 
examination, the shock causes the polyps throughout the branch to retract. The axial polyps are 
then retracted to such a degree that no trace of them is distinguishable, and the radial polyps 
display only the tips of a few tentacles just within the calice. Brought into the laboratory in 
this condition, and placed in the shade, they usually expand a little farther, so that the tentacles 
of the radial polyps can be counted and their general arrangement made out. At night they 
expand to their full degree. 

The whole of the living surface of a colony is covered with a smooth delicate tissue, which 
adheres closely to the skeleton over the cost and echinulations, but is free over the intervening 
canal spaces. Microscopic examination reveals that the superficial covering of the skeleton is 
for the most part double; an inner wall adheres directly to the skeleton, while the outer is more 
or less free from it (PI. I, figs. 2-6). On full expansion of the polyps the outer fleshy covering 
becomes slightly distended, and on retraction or preservation is partly depressed within the 
intercostal grooves. The superficial tissues are continuous throughout, without any grooves 
limiting one polyp from another. Over the greater part of a colony the polyps are closely 
arranged, separated by a very limited ccenosarcal area; in the older regions the polyps are more 
distant than in growing parts. When the polyps are expanded the superficial covering of 
the colony passes uninterruptedly into the column wall of the polyp, and the two are seen to be 
direct continuations of one another (fig. 1). 

The polyps found at the apex of branches differ so markedly from the lateral or radial 
polyps that it will be necessary to describe the two separately. The apical polyps are difficult to 
obtain in a fully expanded condition for observation; usually they are retracted within the calice 
to such a degree that no trace of the tentacles is presented. On favorable occasions, however, 
the polyps extend beyond the corallum for a distance of 3 mm., when they are seen to be 
perfectly radial in their outward symmetry, and of the same diameter as the aperture of the 
corallite beyond which they protrude. The column wall is cylindrical, smooth, colorless, and so 
transparent as to permit of the internal mesenteries and short stomodeum being seen. At the 
inner margin of the apex of the corallite the column wall of the polyp is in continuity with the 
coenosarc, and distally it passes uninterruptedly into the tentacles and disk. 
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In their typical, fully developed condition, the tentacles of the apical polyps are only six in 
number (fig. 14). They arise at the margin of the disk from the alternate entoccelic spaces, and 
may terminate either acutely or in a rounded manner; they are broadest at their origin, and a 
wide interspace occurs between any two adjacent members. The surface is smooth throughout, 
no urticating spots being visible. During full expansion the tentacles may be overhanging and 
digitiform; when only partly retracted they are seen as six short vertical processes, protruding 
beyond the mouth of the corallite. The marginal spaces between the tentacles correspond with 
the exoceelic chambers, and are sometimes rounded, while in other cases small processes, like 
rudimentary tentacles, are present. 

The disk is circular, the central naked area being very small, and either flattened or slightly 
convex, according to the state of distension. The twelve internal mesenteries, and their relations 
to the other parts of the polyps, are easily seen through the transparent walls. The mouth is 
extremely small, circular, and without prominent lips and gonidial grooves; sometimes the 
lips are a little protruding. The diameter across the disk and tentacles is 6 mm., and the length 
of a tentacle 2.5 mm. 

All stages, from the twelve tentacles present in radial polyps to the six characteristic of 
typical axial polyps, can be observed toward the margins of growing colonies; and a study of this 
region of a colony, especially in the palmate forms, indicates that almost any of the radial polyps 
by excessive growth may become axial polyps. In doing this the polyp increases in size, and 
at the same time its tentacles undergo modification. The six entoccelic tentacles become still larger 
and all equal, while the six exoccelic become less important and in time wholly disappear, but for 
a long time one or more of the exoccelic tentacles may be represented by mere processes. Thus 
a true external dimorphism exists between the typical radial and axial polyps, though the one 
may pass into the other. 

On several occasions the tentacles of an axial polyp were introverted, even while the column 
wall and disk were still extruded; only six slight opacities remained to indicate the former 
position of the outgrowths, and the margin of the column and disk as a whole was merely rounded. 
The infolding of the tentacles was occasionally observed in the radial polyps; later, the tentacles 
were slowly protruded, in the same way as described for the genus Por/tes, where introversion 
is more frequent and may be better observed. 

The radial polyps, even when expanded to their full degree, never protrude far beyond 
the aperture of the calice, and, owing to the oblique, usually nariform aperture of the latter, the 
amount varies in different parts of the same polyp. At the sides, where the wall of the corallite 
is lowest, the column wall is free for 1 to 2 mm., but is not seen anteriorly. As the aperture of 
the corallites is rarely directed upward, the plane of the disk of the expanded polyps is oblique 
to the axis of the colony, or may be directed inward to the sides, or in almost any direction. 
Wherever exposed, the column wall is smooth, thin walled, and partly transparent. 

The tentacles of the radial polyps are, as a rule, twelve in number, but of different dimen- 
sions; six larger alternate with six smaller, the former communicating with the entocceles 
and the latter with the exocceles. The members of both series also vary in size among them- 
selves. The larger tentacles are situated at the same distance from the center of the disk as the 
smaller, so that practically the twelve constitute a single cycle, not differentiated into an inner 
and outer cycle, as is most usual in coral polyps. All the tentacles are broadest at their 
origin, but they narrow beyond, and may terminate bluntly or acutely. The relative sizes of 
the different tentacles in each series have been already described, and are best understood 
from figs. Lalo. 

The distinctly bilateral character which the tentacles give to the lateral polyps is most 
marked toward the ends of the branches, where growth is rapid and the polyps larger. In partial 
retraction the anterior tentacle usually protrudes beyond the margin of the corallite, and 
considerably beyond the other members. In the more proximal regions of a colony, where the 
polyps are, somewhat smaller, the tentacles tend to become approximately equal, but even here 
the anterior tentacle can generally be recognized by its being slightly more swollen, and lighter in 
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color than the others. The polyps on the sides of galls are also very diminutive, apparently 
undergoing retrogression (fig. 17). 

The form assumed by the tentacles is somewhat dependent upon the degree of expansion of 
the polyp. When enlarged to their utmost they are digitiform and overhanging, occasionally 
distinctly swollen at the apex; at other times, when not fully extruded, they are erect and 
more subulate. 

The disk is very small and flat, and, as just mentioned, may look in almost any direction with 
regard to the axis of the branch, according to the plane in which the aperture of the corallite is 
placed. The mouth is circular or oval, without thickened lips and gonidial grooves; looked 
at from above, the aperture often appears excentric, being situated nearer the axis of the branch, 
the axial tentacle overhanging (fig. 1d). 

The movements of the polyps are rather slow, and the tentacles rarely ever wave about like 
those of anemones; in a colony one polyp may retract independently of unother. White 
mesenterial filaments may be extruded through the wall of any part of the polyp, but the 
phenomenon does not readily take place. 

The full complement of twelve tentacles is reached at a very early stage in the development 
of new polyps; even in the second or third bud visible below the axial polyp they can all be 
recognized. In some cases, however, developing polyps occur with only eight tentacles; the 
two abaxial lateral and middle lateral of the smaller series, on each side, are the last to be 
developed. 

Slight variations may be noted as regards the polyps of the different forms of colonies. In 
general the polyps of pa/mata are somewhat smaller than those of prolifera or cervicornis, but 
they exhibit exactly the same relations in regard to the size of the tentacles. In the older parts 
of all colonies the anterior tentacle is scarcely larger than the others, the polyps attaining a more 
approximate radial symmetry. Usually the tentacles seem more pointed in palmata, ligitiform 
examples not often occurring, but they may assume this form when fully extended. 

The corallites are often larger and more tubular in palmata than in the other two forme, and 
the disk of the polyps is directed toward the free growing edge. When fully expanded only 
the disk and tentacles extend beyond the corallum, but practically no free portion of the column 
wall can be seen except in the apical polyps. The disk is circular or slightly oval; the mouth 
very small and circular or oval. 

Immersed polyps are usually very numerous on palmate colonies, especially on the upper 
surface of a colony, and away from the free growing regions. They are somewhat smaller than 
the others, but all gradations can be traced toward the fully developed individuals. When alive 
the immersed polyps very rarely extend beyond the corallum, and the tips of the tentacles only 
are visible. Their smallness did not allow of any differences in the size of the tentacles being 
determined; in some examples less than twelve were present, while in others a greater number 
were found. The scattered polyps on the under surface of palmate colonies are usually smaller 
than those on the upper surface. Double polyps with two oral apertures sometimes occur (fig. 1/). 

The color varies but little in all the Jamaican Madrepores. Colonies as a whole are lighter 
or darker shades of brown, sometimes becoming green, yellow, or orange. Different regions, 
however, vary in intensity, some being quite colorless and others darker than the general 
surface. The coloration is wholly due to the presence in the endoderm of symbiotic yellow cells 
or zooxanthellze; where these are few in number the coloration is faint, while where they are 
entirely absent the area is altogether colorless, the white corallum showing through the thin, 
transparent tissues. The tissues directly along the edge of the strize and apex of the echinulations 
are devoid of color, there being over these, as shown in fig. 7, only a very thin endoderm without 
zooxanthelle. In the intervening spaces the yellow cells areabundant. The tissues at the apical 
region of the corallites are usually colorless, and microscopic examination reveals that, though 
the endoderm is well developed, zooxanthelle are absent (fig. 8); also, as a rule, the axial polyps in 
palmate colonies are colorless. The distal region of the polyps on the upper surface may be 
colorless, while the under polyps are uniformly brown. 
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In the same way the large anterior tentacle of radial polyps is nearly colorless, as is also 
the case with the small tentacle on each side of it, and less so the next tentacle. In a partly 
retracted condition the tentacles are often darker than any other region of the polyp, the 
endoderm being thickened and its zooxanthellee crowded; when fully inflated the color of the 
polyps as a whole becomes paler. The absence of color toward the margins of the colonies prob- 
ably indicates that these are regions of rapid growth, the polypal growth being in advance of 
that of the multiplication of zooxanthelle. 

In no case have any traces of ectodermal coloration been found. This uniformity of color 
of the West Indian Madrepora is in marked contrast with the vivid and varied tints described 
by Saville Kent for most of the species of the genus occurring on the Australian Barrier Reef 
(1893). 

Anatomy and histology.—The column wall is everywhere very narrow, in sections measuring 
0.08 mm. across. The ectoderm is constituted largely of unicellular oval gland cells with clear 
contents. Sometimes the contents of the gland cells stain slightly, and in sections the mucus 
can often be seen extruded, forming an irregular outer covering to the ectodermal cells. Small 
nematocysts of two kinds occur somewhat sparsely—a long, thin-walled form in which the spiral 
thread is distinctly visible, and a smaller thick-walled oval variety in which the internal thread 
is scarcely recognizable. At the apex of growing branches the ectoderm cells are often much 
longer than elsewhere, measuring 0.07 mm. (figs. 7—9). 

The mesoglea is throughout a very thin supporting lamella, but wherever it attains much 
thickness it is found to be clear, transparent, and homogeneous, without connective-tissue cells. 

The endoderm varies somewhat in character, according as zooxanthellz are present or absent. 
At the tips of branches, which in the living condition are colorless, the endoderm of the column 
wall is a very narrow layer, the cells but little vacuolated, and the nuclei comparatively large and 
somewhat regularly arranged (fig. 8); but where the symbiotic alge occur the layer is broader and 
the cells more vacuolated. All gradations can be traced between the total absence of the algve 
and their presence to such an extent as to constitute nearly the whole layer. In radial sections 
of the column wall are seen the cut ends of delicate endodermal muscle fibrils, arranged in 
a cireular manner, and forming a very thin muscular layer, which extends the whole length 
of the wall, and is continuous with the circular endodermal musculature of the tentacles. 
This diffuse endodermal musculature probably acts as a sphincter during the retraction of the 
polyps; there is, however, no concentration of the muscle fibrils on mesoglceal plaitings, such 
as can be regarded as forming a special sphincter muscle; the mesoglceal surface remains smooth 
throughout. 

Histologically the outer covering of the skeleton differs in no essential respects from that of 
the column wall proper, the two being merely continuations of one another. Where the wall 
rests upon the echinulations, continuity with the skeletotrophic tissues is established, and the 
endoderm and mesoglea of the two pass into one another. The figures show that the actual apex 
of the echinulation is covered by its own skeletogenic ectoderm, the mesoglaa, and the outer 
ectoderm. No muscle fibers are determinable in the coenosarcal endoderm, such as occur in the 
free portion of the column wall. 

In sections toward the apex of axial polyps, the corallar ridges are often unprotected 
by soft tissues. This is probably due to the very thin walls having broken down during 
decalcification, but in most carefully prepared material no remains can be found, and the very 
broad ectoderm overlying the canals passes inwardly as the calicoblast layer. 

The tentacles in strongly retracted radial polyps often appear as mere longitudinal ridges 
of the wall of the polyps, and neither in longitudinal nor transverse sections is any part free 
from the disk. “In other cases, however, isolated circular sections of the tentacles are obtained, 
showing that during retraction the organs may retain their distinctness as outgrowths of the disk. 
Longitudinal sections present no sharp line of separation between the upper region of the column 
walland the tentacles. The transverse section through the tentacular region, represented in fig. 3, 
exhibits the six larger and six smaller tentacles all At the same level, and nearly filling the calicinal 
cavity; they are outgrowths of both the entoccelic and exocclic chambers, the larger tentacles 
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arising from the former. No intervening discal tissue occurs between the origin of one tentacle 
and that of the next, as is the case in the axial polyps. In the particular section represented the 
larger tentacles are practically all of the same size, but in other sections the anterior tentacle 
predominates over the others, or at some levels may even be the only one represented; the 
smaller tentacles, in their varying dimensions, correspond with their proportions in the living 
polyps. 

The tentacular ectoderm (fig. 10) is a uniformly broad layer, and in sections is roughly 
divisible into three zones: (1) An outer, nearly colorless zone, with numerous nematocysts, and 
very few gland cells; (2) a middle, deeply-staining nuclear zone; and (3) an inner, less defined 
fibrillar zone, terminating in a layer of delicate muscle fibrils, longitudinally arranged. Conical 
enidocils occur, seen especially in the living tentacle. The nematocysts are of the same form as 
in the ccenosare, but the long variety with a thin wall and strongly marked spiral thread is most 
abundant. The nematoecysts are distributed nearly uniformly throughout the length of the 
tentacular wall, not restricted to special batteries as in most corals; proximally they are some- 
what less numerous than above. In some sections a distinct nerve layer is manifest, situated a 
little distance from the mesoglcea. 

The mesoglcea is a thin supporting lamella, slightly thickened proximally. It may be partly 
folded in retracted specimens, but nowhere becomes plaited for the purpose of affording additional 
support to the musculature. 

The endoderm exhibits marked variations, as in the case of the column wall. Where 
zooxanthelle are not present in the cells the layer is very regular, and much thinner than the 
ectoderm; the cells are filled with protoplasm which stains slightly, and the nuclei are compara- 
tively large and arranged in a very regular row. Where symbiotic alg occur the layer as a 
whole becomes much broader, the cells are more vacuolated, and the internal limitations are very 
irregular. The endodermal circular musculature is comparatively well developed. 

Sometimes the endoderm of one tentacle will be entirely without zooxanthelle, while 
another of the same polyp will be crowded with them along the whole of its length; in other 
cases they may be absent from the distal region of a tentacle and occur proximally. Corre- 
sponding variations have been noted in the coloration of the tentacles in the living polyp. 

Below the tentacular region of retracted polyps the disk extends vertically for a short distance, 
and then nearly horizontally, passing into the vertical stomodeum (fig. 11). The peripheral 
discal area presents histological details similar to those of the tentacles, but the more central 
region becomes narrower and nematocysts are rare. in the ectoderm, while granular gland cells 
occur here and there. Zooxanthelle are usually sparsely distributed, or altogether absent from 
the discal endoderm. 

The six tentacles in the axial polyps are entoccelic in position, and therefore correspond with 
the larger members of the radial polyps. They are larger than in radial polyps, and in transverse 
sections appear as triangular ridges of the disk; the longitudinal and circular musculatures are 
somewhat better developed than in the radial polyps, and the mesogloea is slightly plaited to 
afford additional support for the endodermal fibers. The disk also shows the ectodermal 
musculature very clearly; zooxanthelle are entirely absent from the endoderm, otherwise the 
histological details of both the ectoderm and endoderm are the same as those of the radial polyps. 

The stomodxeum is narrow and approximately circular in transverse sections, and the walls 
hang vertically for some distance within the ccelenteron (fig. 2). They are of equal thickness 
throughout, and present no indications of a gonidial groove. In the figure the wall narrows a 
little toward its free extremity on the left side and terminates abruptly; on the right side of the 
section the wall is seen to be in continuity with the filament of a mesentery, and the tissues of 
the two pass insensibly into one another. 

The surface of the stomodzum is strongly and uniformly ciliated; nematocysts and granular 
gland cells are numerous, some of the latter staining very deeply. An extremely weak ectodermal 
musculature and nerve layer can be detected in transverse sections, and circular endodermal 
muscle fibers in radial sections. Isolated typical cells are represented in fig. 13. 

Transverse sections through the stomodeal region of both radial and axial polyps reveal 
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eight complete mesenteries and four incomplete members, arranged in bilateral pairs, as repre- 
sented in fig. 4. The retractor muscles on the mesogleeal plaitings are clearly distinguishable, 
and indicate that the two axial pairs of mesenteries are the directives; the complete mesenteries 
remain attached to the stomodeeum at about equal distances apart throughout its length. In 
serial transverse sections the incomplete mesenteries usually extend below the stomodeal area, 
but occasionally they cease before its lower extremity is reached; their vertical extent is 
greatest in the axial polyps. As the complete mesenteries become free they all bear mesenterial 
filaments. The four pairs, equally developed, continue after the incomplete mesenteries have 
disappeared (fig. 5); then the dorsal directives are lost, and shortly afterwards the ventral 
directives, and the four lateral mesenteries continue together for some distance (fig. 6); 
soon the dorsal of the lateral pairs disappears, and finally the last pair. Thus a definite 
order of disappearance is followed by the six mesenterial pairs in passing a series of transverse 
sections in review, the pair considered to be the first to appear in coral larve extending farthest, 
and the most recent pairs to arise extending least. Sometimes the two moities of a pair die out 
together, but more often the mesentery on one side will continue a little below the corresponding 
member on the other side. 

In the lower part of their course certain of the mesenteries, usually the first three develop- 
mental pairs, become conyoluted at their free edge; and as the septal invaginations here meet in 
the middle of the polypal cavity, and give rise to distinct interseptal loculi, each mesentery is 
frequently in a chamber by itself. 

No indication of any perithecal continuation of the mesenteries occurs; in living expanded 
polyps the partitions can be seen to pass uninterruptedly from the column wall down to the 
calicular cavity, and serial transverse sections confirm this. 

On each face of a mesentery the endoderm immediately behind the filament becomes consid- 
erably swollen, and contains zooxanthelle and numerous granular gland cells; a few nematocysts 
also are found. The endodermal enlargement extends nearly as far as the termination of the 
mesentery (fig. 14). 

In axial polyps the portion of the mesentery peripheral to the swollen region remains long 
and very narrow, retaining its musculature and plaited mesoglea, and zooxanthelle occur here 
and there. The first three developmental pairs of mesenteries in radial polyps may become 
convoluted in the lower region, each bearing a mesenterial filament of the usual type, with 
swollen endoderm immediately behind (fig. 6). The filaments are here often crowded with long 
nematocysts, somewhat recalling the acontia of Actiniz, and may persist as far as the termination 
of the mesentery. At their origin in the polypal wall the mesenteries are very narrow, and 
are situated at about equal distances apart all round. The endodermal epithelium is a narrow 
layer and without zooxanthelle. 

In the tentacular region of retracted polyps the mesenteries are very short transversely, and 
the musculature is somewhat strongly developed, especially in axial polyps. The mesoglaa is 
here deeply plaited, but is smooth on the opposite face, where weak oblique muscle fibers are 
indicated (fig. 12). In axial polyps the musculature of the four incomplete mesenteries is 
developed almost as strongly as that of the eight complete mesenteries. 

The gastro-celomic cavity proper, independent of its canal outgrowths, originates in the 
buds in one of the ordinary superficial canals (figs. 22-27), but later becomes much larger and 
provided with its own system of canals, and terminates proximally either abruptly or in canalicular 
prolongations. 

For some distance downward the ccelenteron is approximately circular in outline, or oval 
in many radial polyps; the continuity of the walls is interrupted here and there by the canal 
outgrowths, but otherwise each polypal cavity is distinct. 

The septal invaginations, which are mostly entoccelic, vary in extent; usually only one, the 
axial, is very pronounced, and may almost completely subdivide the gastric cavity. Toward 
the lowermost region, where only two or four mesenteries remain, the polypal cavity is 
nearly always completely divided into two by the union of the axial and abaxial septa; in other 
cases, as in fig. 6, the central portion is almost obliterated by six broad triangular septal 
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invaginations; the contorted mesenteries may then be pressed into the various canals, and the 
individuality of the polypal cavity is largely lost. 

In its simplest condition, as in the free portion of individual polyps, the canal system consists 
of the following: (1) A series of longitudinal and transverse peripheral canals within the grooves 
between the contiguous ridges of the skeleton, and more proximally in the depressions between 
the echinulations. Their uninterrupted vertical extent is not great (fig. 2), and they become 
very irregular in the echinulate region; eyen in the more distal areas the canals are connected 
laterally, and by this means are placed in communication with one another. Below the costate 
region of a corallite, both the vertical and lateral canals are so interrelated as to produce a more 
or less regular peripheral reticulum. (2) As shown in figs. 3 to 6, the peripheral canal system 
communicates by short radial canals with the ccelenteric cavity of the polyps. several such canals 
usually occurring in each transverse section. The broader skeletal region of fig. 4 reveals, how- 
ever, that internal enlargements and lateral communications between one radial canal and another 
make their appearance within the wall of the corallite, so that the thicker regions of the corallum 
are penetrated throughout by a canal reticulum. 

At the apex of the corallite, the peripheral system of canals also communicates with the 
central polypal cavity over the edge of the theca (fig. 2). 

The peripheral canals are somewhat flattened on their outer aspect, and often triangular in 
transverse sections, but the internal are more circular; so close, however, is the reticulum in the 
more apical region of the polyps that the canals are rarely seen in circular sections, but as 
elongated, irregular communicating spaces. In the older parts of the colony, where the space 
occupied by the skeleton and by the canals is more equal, the latter are in more regular 
concentric series. 

The lining of all the canals is a very thin unilaminar layer of ciliated endodermal cells, the 
deeply-staining nuclei of which are arranged with considerable regularity; zooxanthelle are 
usually absent, but are sometimes found in the skeletal layer of the superficial canals, and 
even in the older and deeper regions of the corallum. The mesoglea is everywhere a thin 
supporting lamella. The skeletogenic layer is represented in the growing regions by a broad 
columnar layer (fig. 8), but is scarcely determinable in the more terminal regions. Desmoidal 
processes are numerous in places, and in the actual growing regions the skeletal matrix may 
remain after decalcification (figs. 7, 18). 

Ripe polyps seem very rare; ova only have pneen met with on one occasion. 


HMamily PORITID %. 
Genus PORITES Milne Edwards and Haime.« 


Polyps small, distinct, forming incrusting, massive, foliaceous, or dendroid colonies, fixed or free; 
united closely with one another along a common thecal edge, without perithecal continuation of the 
mesenteries. Column wall smooth and cylindrical, may partly fold over the disk on retraction, 
no sphincter. Tentacles small, twelve in number, rarely more, unicyclic, sometimes in bilateral 
larval stage, digitiform, smooth or tuberculated, introvertible. Stomodzal walls smooth: 

Mesenteries unicyclic, rarely more than six pairs, when increase takes place by the addition of 
bilateral pairs within the sulcar or sulcular entocele, only three or four pairs complete and filamentifer- 
ous. Septal invaginations usually twelve, entoccelic and exocelic, interrupted, unite centrally 
(columella) below, forming six distinct loculi, which are abruptly truncated. Gastro-ccelomic cavity of 
polyps in communication throughout colony by a basal canal system, and also by marginal apertures. 

Asexual reproduction by intercalary columnar gemmation, rarely by fissiparous gemmation. 
Viviparous. 


Exampies.— rites astreoides Lam., P. divaricata Les., P. furcata Lam., P. clavaria Lam. 


«**Colony ramifying, or in tufts, or foliaceous, often massive, and lobed or low, incrusting or not. A basal 
‘epitheca invariable in the last instance, frequent in all. Corallites with trabeculate and perforate walls, not distinct 
from those of their neighbors, and therefore without intermediate ccenenchyma. Calices small, pentagonal. Septa 
twelve or less, feebly developed, trabecular or spinulose. A small columella, forming at its free edge a knob ora 
trabecular point or a style. Pali five or six, and not very distinct from the septal ends, in a circle around the 
columella. Endotheca exists sparingly, and may be dissepimental or tabulate, or may be mere stereoplasm.”’ 
(Dunean, 1885, p. 187.) 
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PORITES ASTRAZOIDES Lamarck. 
(Pls. III-V, figs. 28-42. ) 


External characters.—Vhe species is met with in abundance in all the regions of coral 
growth, from a depth of 3 or 4 feet downward; sometimes many colonies occur closely asso- 
ciated, at other times they are widely scattered. The colonies form large, incrusting, hemisphe- 
roidal, or nearly spheroidal masses, the surface usually sub-botroidal or with gibbosities. 

The polyps are small and closely arranged, completely hiding the surface of the corallum 
when fully expanded. In this condition each appears to arise from a pentagonal thecal margin, 
common to the surrounding polyps, without any division into calicular and perithecal regions. 
On retraction of the polyps, the column rests upon the septal edges, and the tentacular ring is 
more central (fig. 34). 

During full expansion the column is smooth, erect, and cylindrical, and so thin-walled as to 
allow the internal mesenteries to be seen through. The diameter is 2 mm., and the height above 
the corallum 3 mm.; as a rule the proximal and distal diameters are slightly larger than the 
middle. Distally the column wall passes uninterruptedly into the tentacles, and is rarely folded 
over the disk; usually, on full retraction, it is merely drawn within the calice, the tips of the 
tentacles and disk being still visible (fig. 35). 

The tentacles are extremely small, digitiform or acute, smooth, and arranged in a single 
cycle. They are practically equal in size, but sometimes one of the axial members is slightly 
larger than the others. In nearly all cases they are twelve in number, but on most colonies a few 
larger polyps occur in which the tentacles vary from sixteen to twenty-four. Usually they are 
about 2 mm. in length. When the polyps are fully expanded the tentacles are overhanging, and 
those of adjacent polyps intermingle. The organs are freely introverted, and in some instances 
they actually disappear, becoming part of the marginal tissues of the column wall and disk; 
sometimes the column wall of a polyp may be extended to its full degree, but the tentacles are 
indicated only by twelve, lighter colored, circular or oval areas at the margin of the disk, each 
with a minute aperture in the middle (fig. 35). 

The disk is circular, smooth, and very thin walled; the internal mesenteries can be seen 
through, and their actual arrangement around the stomodzeum determined (fig. 32). The mouth 
is either circular or slightly oval. 

The colors of the colonies as 1 whole are very variable, and often brilliant; indeed, the 
species is one of the most gaily colored of all the West Indian corals, and, occurring in large 
masses, often becomes an important constituent in determining the general coloration of the reefs. 
As arule the colonies are a bright blue, pale yellow, or yellowish green. Various colors occur 
side by side, and sometimes one portion of a colony will be blue and another yellowish green. 
The pale yellow colonies frequently exhibit restricted patches more brilliant than others, some 
even becoming brownish; other colonies may be a dull yellowish-brown, or even a blackish-brown. 

New polyps arise among the others mainly by intercalary gemmation. In all colonies many 
young examples with less than twelve tentacles occur. Fissiparous gemmation has been observed 
on one or two occasions (p. 513). 

Certain colonies have been found which at first sight appeared in the normal healthy 
condition, but on careful examination no actual polyps could be discerned; tentacles were 
indistinguishable, and the whole polypal tissues, though pigmented, seemed in a state of decay. 

Examined in the laboratory, the living polyps are seen to be constantly and quickly 
retracting to a limited degree, and then slowly expanding again. When fully expanded, agitation 
of the water moyes them to and fro. They may retract below the edge of the calice, the tips 
of the tentacles still showing or wholly covered (fig. 35). 

Numerous parasitic Cirripedes are usually found associated with the colonies, inextricably 
inclosed by the overgrowth of the corallum, Around these the polyps are smaller and more 
closely arranged. 

Anatomy and histology.—The column wall is thin and delicate throughout, the mesogloa 
appearing as a mere separating lamella. In addition to the usual supporting cells and clear 
eland cells, the ectoderm contains numbers of cells with yellow granular contents (tig. 36). The 
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color-bearing cells are much shorter than the height of the ectoderm layer, and occur at all levels 
within it, from the free surface to the mesoglea. They readily separate in macerations, and are 
very irregular in outline; the various stains have little effect upon them, except that the nucleus 
comes out distinctly (fig. 37). The superficial ciliation of the column is preserved in most 
places. The endoderm is narrower than the ectoderm, and also contains numerous yellow 
granular cells, while zooxanthelle are very abundant. There is no evidence in sections of any 
ectodermal or endodermal musculature, though in all probability weak endodermal fibers are 
present, and bring about the overfolding of the column wall on retraction. 

The stomodeum exhibits the usual histological structure as regards its ectoderm. Toward 
the lower termination the latter becomes slightly thinner intermesenterially, and passes 
backward for a short distance up the endodermal surface. Where the mesenteries are attached 
it extends outwardly along both faces, and then appears to be continued downward as the 
mesenterial filament. In retracted polyps the ectodermal layer is often folded vertically in a 
very regular manner (fig. 28). 

In practically all the polyps examined only six pairs of mesenteries occur, and of these 
four pairs are usually complete in the upper region, while the two remaining pairs never reach 
the stomodzeum, and extend for only a short distance below the stomodeal region. The sulcular 
or dorsal directives are sometimes free throughout, and in other cases generally cease their 
connection with the stomodweum in advance of the other three pairs (tig. 30), which always 
remain attached as far as the aboral termination. The three pairs of complete mesenteries 
alone bear mesenterial filaments, and continue their course some distance below the others. 
Toward their lower extremity the first pair of mesenteries may become slightly convoluted, 
but the mesenteries as a whole have a comparatively short vertical extent, being practically 
limited to the upper half or third of the polyp. 

The retractor muscles of the mesenteries are moderately well developed on small mesoglceal 
plaitings, and readily permit of the paired arrangement being established. The form of the 
plaitings varies in different mesenteries, and even in different parts of the same transverse 
section, as shown in fig. 38. The mesenterial epithelium is distinguished by the predominence of 
large, clear, gland cells; these constitute in places nearly the whole thickness of the endoderm, 
while toward the free margin accumulations of protoplasm, nuclei, and zooxanthellx are to be 
found. Ina portion of one colony the contents of the glands had evidently been discharged into 
the gastro-ccelomie cavity just before the death of the polyp, for, on being stained with hema- 
toxylin and sectionized, the whole of the upper region of the polyps appeared as if embedded in 
a gelatinous mass, the secretion itself staining feebly. On preservation the polyps exude a 
large amount of mucus. Zooxanthelle and yellow pigment cells, and an occasional large oval 
nematocyst, also occur in the mesenterial endoderm. The mesoglcea is very narrow and homo- 
geneous, but forms slender outgrowths for the support of the musculature. 

The mesenteries in transverse sections are sometimes observed to be free at their peripheral 
end for a short distance vertically, and rounded off (fig. 38). This is found opposite a radial 

‘anal, so that where these outgrowths are formed mesenterially, the mesentery is without of 
any peripheral support. 

Immediately below the stomodeal region, the mesenterial filaments on the first three 
developmental pairs are merely incipient (fig. 29), and never get beyond this stage except in the 
first and second pairs of mesenteries. In these the filament becomes more or less definitely 
rounded off from the mesentery for a very short distance, and the mesoglea bifurcates within 
it (fig 39). Comparatively few nematocysts occur in the filaments, and are all of a medium size. 

The skeletotrophic tissues comprise by far the greater proportion of the soft parts of a 
colony, lining the walls of the corallite and the whole of the canal system, while the mesenterial 
tissues scarcely extend beyond the upper half of the polyps (Pl. V, tig. 40). The endoderm is a 
comparatively broad layer, and below undergoes certain modifications; no cellular distinctions 
‘an be made out, but the whole layer, with the exception of the free margin, exhibits a vacuolated 
condition. Fine granules along the walls of the meshwork stain with aniline blue, but not 
readily with carmine; occasionally a yellow pigment cell or a zooxanthella may also occur. 
Along a narrow zone, at the margin of the layer, nuclei, zooxanthelle, pigment granules, and 
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protoplasm are accumulated, the first mentioned often forming a very regular row. The layer 
is thinner in the upper region of the polyp, and the vacuolisation is not so complete; but even 
here the cellular distinction is almost lost, except as regards the clear gland cells (figs. 38, 39). 

The mesoglea is very thin throughout, and the skeletogenic ectoderm is distinguishable 
only at the growing points, as a deeply-staining layer without distinct cell limitations (ca/, fig. 
38). The desmoidal processes are everywhere feebly developed. 

The individuality of the polyps is usually retained throughout their length, both under low 
magnification of merely decalcified material and throughout microscopic sections. Each polyp 
is, however, seen to be connected with the others, at different points along the whole of its 
length, by the complicated system of very short canals which penetrate the skeleton; in transverse 
sections at any level five or six canals are nearly always connected with each polyp (figs. 29, 42). 
The polyps are truncated below, as in the case of the imperforate corals; the canals are thus 
practically restricted to the lateral regions, not prolonging the polyp basally. 

The gastro-ccelomic cavity of each polyp is most distinct in the upper region, as here the 
septal invaginations are either wanting (figs. 28, 30), or proceed but a short distance centrally, and 
rarely with any constancy all round. Both entoccelic and exoccelic invaginations may occur, 
and at nearly any level one or other, or both, may be wanting. The septa in /or/tes are 
perforate, and in the polyp this is represented by interruptions in the invaginations. As the 
lower regions are approached, the septal invaginations become more pronounced, and meet the 
spine-like, columellar invaginations in the middle, thus cutting off one portion of the cavity 
from another (fig. 39). In transverse sections the septal invaginations are nowhere as regular 
as in nonperforate corals (cf. figs. 42, 49). 

To such a degree may the subdivision of the ccelenteron proceed toward the terminal region 
that, in sections, the individual polyps seem constituted only of a series of canals, some containing 
mesenteries, but mostly empty. 

In addition to the basal canalicular connections, the celentera of the polyps communicate 
with one another over the edge of the theca, as in the case of other corals (figs. 31, 40). 

Gonads have not been found in any of the polyps examined. In the outer polypal wall 
appear many spheroidal bodies, which, at first sight, may be taken for spermaria. They never 
occur, however, in the mesenteries, but usually in the endoderm of the column wall or disk 
(fig. 36). They may be the sporogonia of the parasitic alge which are so prevalent within the 
corallum, but the connection has not been traced. 


Il.—CYCLOCNEMARIA. 


MADREPORARIA IN WHICH THE MESENTERIES BEYOND THE PROTOCNEMIC STAGE ARISE IN 
ISOCNEMIC PAIRS WITHIN THE PRIMARY EXOCCLES., THE MESENTERIES IN THE ADULT ARE 
USUALLY ARRANGED IN TWO OR. MORE ALTERNATING CYCLES. 


B.—SECTION APOROSA. 


MADREPORARIA IN WHICH THE BASAL DISK IS IMPERFORATE, AND THE GASTRO-CdSLOMIC 
CAVITIES OF COLONIAL POLYPS ARE IN COMMUNICATION ONLY AROUND THE PROXIMAL TERMINATION 
OF THE COLUMN. 

Family ASTRACXID. 
A.—_GEMMANTES. 


ASTRHIDZ IN WHICH ASEXUAL REPRODUCTION TAKES PLACE BY GEMMATION, AND EACH 
POLYP REPRESENTS A DISTINCT INDIVIDUAL. THE TENTACLES, MESENTERIES, AND SEPTA ARE 
ARRANGED IN ALTERNATING CYCLES, AND TWO PAIRS OF DIRECTIVE MESENTERIES ARE PRESENT 
IN EACH POLYP. 

Genus ASTRANGIA Milne Edwards and Haime.@ 


Polyps smooth, either isolated or connected by a thin narrow basal continuation of the column wall; 
tissues appearing delicate; perithecal continuation of gastro-ccelomic cavity and mesenteries; form 


«**Colony inerusting. Corallites short, arising from calcareous basal expansions, close, more or less turbinate or 
cylindrical. Calice circular, deep, and large. Columella papillary, and formed of a network of trabeculze with 
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incrusting colonies, or groups of more or less isolated corallites. Column wall cylindrical, elongated, on 
retraction may almost completely cover the disk; no sphincter. Tentacles entoccelic and exoccelic, 
incompletely tetracyclic, long and narrow, entacmzous, tubercular, with knobbed apex. Stomodal wall 
smooth. 

Mesenteries regularly hexamerous, incompletely tricyclic, six pairs complete, two pairs directives, 
all filamentiferous. Septal invaginations hexamerous, entoccelic and exoccelic, incompletely tetracyclic, 
below nearly all united centrally, forming almost distinct mesenterial loculi. 

Asexual reproduction by gemmation from the lower part of the column wall or the basal expansion. 


ExampeLe—Astrangia solitaria Lesueur. 


ASTRANGIA SOLITARIA Lesueur. 
(Pls. V and VI, figs. 43, 44, 45, 47.) 


External characters.—The species is met with all round the Jamaica coast, mainly in 
regions of coral growth. Polyps of various sizes occur in groups of from three or four to a dozen 
or so, incrusting blocks of dead coral or other objects, often on their under surface. The individ- 
uals of a group are either connected with one another by basal columnar expansions or stolons, 
or are entirely free and separated for a greater or less distance. The corallites rise but little 
above the surface of attachment, and the proximal region is frequently hidden by Nullipores. The 
incrustations may continue their growth until they cover practically the whole of the external 
skeletal surface, or even pass beyond, the column wall retreating accordingly. Where Nulli- 
pores are absent the column wall may extend downward over the external surface of the coral- 
lite for two or three millimeters, and continue for some distance as a basal expansion. 

The column wall is smooth, delicate, transparent, and usually circular in outline, rarely 
oval; the diameter varies from 3 to 6 millimeters. On full expansion it exhibits longitudinal 
ridges and furrows, and on partial retraction the wall is withdrawn a little within the calice; but 
during full retraction it may be greatly depressed, extending centrally so as to almost completely 
hide the tentacles and disk. The upper portions of the septa are very distinctly seen through 
the polypal tissues, and can be readily counted and their arrangement in cycles followed. 

The tentacles are long and narrow on full expansion of the polyps, narrowing slightly from 
their origin to the free extremity, and terminating in a white, opaque, spheroidal swelling, very 
distinct on full or partial expansion. The tentacular walls appear unusually thin and 
transparent, and are provided with close-set batteries of nematocysts, which stand out 
prominently. Sometimes these are white, but are often a delicate iridescent green, more rarely 
brown. During full extension the tentacles remain overhanging. The arrangement in cycles is 
not readily followed, but it is easily seen that one tentacle arises over each septum, and the plan 
can be determined from these. Six prominent septa form a first eycle, six smaller alternating 
septa form a second cycle, while the third and fourth cycles rarely show hexamerous completion, 
and the tentacles correspond (fig. 43). The innermost tentacles are the largest, measuring about 
3 mm. in length. 

The disk is circular, thin-walled, and transparent, allowing the six pairs of complete 
mesenteries to be seen through. A few minute green spots are arranged in radiating rows. 
The mouth is very long transversely, slit-like when closed, oval when open; the lips are white 
laterally, while the two extremities may be green. Four ridges can sometimes be made out on 
each side of the stomodeum; oftentimes the lips are drawn together in the middle, leaving only 
two distinct apertures, one at each end. The mouth was triangular in one example, and seven 
pairs of complete mesenteries could be seen through the disk, instead of the usual six, indicating 
some structural irregularity. 

Polyps living on the under surface of blocks of coral are often colorless throughout, or 
display only very delicate tints within restricted areas. In other cases the polyps are brightly 
colored, brown and green predominating. The column wall may be purplish or brown, green 


additions from the septal ends; outer papillze resembling those of the septa, or differing in consequence of a large 
paliform tooth being on some septa. Septa unequal, not exsert, some united, granular at the sides, denticulate, and 
often with a paliform tooth Costz visible on the wall near the calice especially. Epitheca absent. Dissepiments 
few and distant.’’ (Duncan, 1885, p. 66.) 
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toward its free edge, the color often disposed in lines. The general surface of the tentacles is 
colorless, but green, white, or brown tubercles, and an opaque white or green knob, are often 
exhibited. The transparency and delicacy of the living tissues, as compared with other corals, 
are due to the absence of zooxanthelle. 

On irritation the mouth opens suddenly, the polyps as a whole retract, and the column wall 
becomes partly drawn over the disk and tentacles. 

Anatomy and histology.—\n the retracted condition nearly the whole of the column wall is 
withdrawn within the calice; at most only a very narrow zone extends down the exterior of the 
corallite. In sections the column wall is very narrow, becoming a little thicker at its proximal 
termination. The ectoderm is seen to be ciliated, and clear mucous glands are abundant, 
surrounded by supporting cells. The mesogloea appears only as a thin supporting lamella. A 
feeble endodermal musculature can be made out, and zooxanthelle are absent from the endoderm. 

The tentacles are both entoccelic and exoccelic in position. The ectodermal layer is broad, 
especially at the tip, and contains long, narrow nematocysts, both terminally and in restricted 
regions laterally. In retracted tentacles the nematocyst areas overlap the rest of the ectoderm; 
nervous elements are clearly displayed at the tip of the tentaéle, and gland cells with clear 
contents are numerous proximally. The mesoglea is broader than in the column wall, and a 
weak musculature is developed on either side. In the columnar endoderm, as elsewhere 
throughout the polyp, occur numerous spheroidal bodies, usually with perfectly clear contents 
and without a nucleus, and staining in carmine much more deeply than the other histological 
elements of the tissues. In a few cases the spheroids are found with granular contents, or a 
single nucleus may be detected; rarely others present what seem to be stages of reproduction 
by simple fission. The bodies are of about the same dimensions and form as ordinary zooxan- 
thelle, but their uniform structure, usually without any nucleus or vacuole, at once distinguishes 
them from the symbiotic alge. They present all the characters of nutritive unicellular organisms, 
and similar bodies are not infrequent in other species of corals, and also in anemones. Though 
occurring throughout the endodermal layer, they are most numerous in the swollen mesenterial 
epithelium, generally considered to be the principal seat of intracellular digestion (fig. 45). Their 
strong power of taking up coloring matter makes them very distinctive objects, and in any polyp 
their distribution is somewhat irregular. 

In vertical sections of retracted polyps the central part of the disk is partly inturned, so 
that it appears nearly in the same vertical line as the stomodal wall; but histologically the line 
of separation is very marked and sudden. The ectoderm of the disk resembles that of the column 
wall in the abundance of mucous cells, and displays a very weak ectodermal as well as an endo- 
dermal musculature. The stomodzum is very short and partly reflected at the lower termina- 
tion. Its ectoderm is constituted almost wholly of ciliated supporting cells, the aggregated 
nuclei forming a distinct, deeply-staining zone. The layer is uniform all round, no distinct ridges 
and grooves being determinable as in the next species. 

Six pairs of complete mesenteries constitute the first cycle, and of these two pairs are 
directives. In most cases two incomplete pairs occur within the primary exocceles, instead of 
one or three pairs, as the laws of Actinian symmetry require (fig. 47). Of the two pairs in 
each system, one belongs to the second mesenterial evcle and the other to the third cycle, though 
both are nearly of the same size. In one polyp sectionized transversely only six pairs of com- 
plete and six pairs of incomplete mesenteries were present; but usually some of the tertiaries 
occur in addition, though very rarely the complete cycle of twelve is represented. The order 
of mesenterial increase, as revealed by the many polyps of a single group, has already been 
described (p. 459, ef seq.). 

In the more distal region of the polyp the mesenterial musculature is well developed, 
especially toward the insertion of the mesentery. The mesoglea on the face bearing the 
retractor muscle is thrown into complicated folds, varying greatly in degree in different mem- 
bers. The opposite face of the mesoglea may be also slightly folded, and the muscle fibrils in 
places are strongly developed and appear vertical in direction. The musculature is nearly as 
strongly developed on the secondary and tertiary mesenteries as on the primary. In the lower 
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regions the mesogloea of all the mesenteries becomes extremely thin, and the musculature is then 
scarcely determinable (fig. 45). Where the mesoglea of the mesenteries is united with that of 
the column wall it forms the usual desmoidal processes for attachment to the corallum. 

Mesenterial filaments may occur on the mesenteries of all the three cycles, though as a rule 
they are incipient on the smallest members. The filaments on the imperfect mesenteries commence 
as high as the stomodal region, while on the primary mesenteries they are developed in conti- 
nuity with the stomodeal ectoderm as the mesenteries become free. The terminal edge of the 
stomodeal wall is continued along the twelve primary mesenteries for some distance, and the fila- 
ment is there cordate in transverse section, and histologically resembles the stomodzal ectoderm 
(fig. 44); later, the filament becomes rounded like that on the incomplete mesenteries, and nema- 
tocysts and gland cells are more numerous than above (fig. 45). As a rule the mesenterial 
epithelium is swollen and rounded immediately behind the filament. The mesenteries are but 
slightly convoluted in the proximal region, and the filaments there become crowded with large 
oval nematocysts, which show the spiral thread very distinctly. 

The cells of the mesenterial endoderm are crowded with fine granules; and in the lower 
regions all the cell outlines are lost, and the contents include somewhat coarse granules, which 
stain feebly (fig. 45). The endoderm cells of the column wall and of the septal invaginations 
are also densely granular, and contain in addition numbers of the brightly-staining, spheroidal 
bodies referred to above. 

As the proximal region of the polyps is approached, the interseptal loculi become more and 
more distinct from one another, and the middle is almost entirely occupied by the columellar 
invaginations. The mesenteries disappear before the aboral region is reached, or only mere 
rudiments remain. The skeletotrophic endoderm is very narrow above (fig. 44), but becomes 
very broad below, and is crowded with densely granular material, all the cell outlines being lost 
(fig. 45). The mesog|cea is indistinguishable as a distinct layer, and few traces of the skeletogenic 
ectoderm remain. 

The corallum is penetrated throughout by a very delicate boring alga, which occupies the 
corallar space after decalcification. It is most abundant in the superficial layers of the skeleton. 
Spicules of boring sponges are also frequent. 


Genus PHYLLANGIA Milne Edwards and Haime.@ 


Polyps smooth, distinct, isolated or in close or distant groups, tissues appearing delicate and 
transparent; perithecal continuation of gastro-ccelomic cavity and mesenteries; form short incrusting 
corallites of various sizes. Column wall cylindrical, often prolonged basally, on retraction may nearly 
or completely cover the disk; feeble sphincter muscle. Tentacles hexamerous, tetracyclic or incom- 
pletely pentacyclic, entoccelic and exocelic, long and narrow, entacmeous, tubercular, apex knobbed. 
Stomodzal wall strongly ridged. 

Mesenteries hexamerous, largest polyps incompletely tetracyclic, six to twelve pairs complete; two 
pairs of directives; allfilamentiferous. Septal invaginations hexamerous, entoccelic and exoccelic, largest 
polyps incompletely pentacyclic, radially short in upper region and below incompletly united centrally. 

Asexual reproduction by gemmation from the base or basal expansion of the column wall. 


Exampirn.— Phyllangia americana Kdw. & Haime. 
PHYLLANGIA AMERICANA Milne Edwards and Haime. 
(Pl. V, fig. 46.) 


External characters.—Vhe polyps occur in small groups of a dozen or so attached to blocks 
of coral, stones, ete., often to their under surface. In any group the polyps vary much in size. 
Some are still connected by the pericalicular continuation of the column wall, others only by a 


rather short. Calices circular, except where crowded, deep. Columella small or well developed, trabeculate from 
the septal ends; with from one to three or four pillars rising from the base and uniting and joining the trabeculee; 
upper surface ragged or papillose. Septa well developed, numerous, unequal, some exsert, entire or minutely 
denticulated, granular, with or without paliform lobe. Coste usually well developed. Epitheca wanting. Endotheca 
moderate. Basal expansion spreading, caleareous.’’? (Duncan, 1885, p. 67.) 
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thin, broad, basal extension of the corallum, while others are wholly isolated. In a series of eight 
polyps, none was distant more than 15 mm. from what might be regarded as the central polyp; 
three were still connected by a delicately ridged, band-like skeletal deposit, and of these one polyp 
was much larger than the other two. The column wall of one appeared to have just rounded 
itself off, but thy other was still united basally with the larger polyp. 

The column is usually circular, but sometimes is slightly oval, and often oblique to the 
surface of attachment, so that one side of the polyp is longer than the other. The column wall is 
smooth, subcylindrical, and short, extending but a short distance over the outer edge of the 
corallum, the remainder of the skeleton being hidden by various kinds of Nullipores and other 
foreign growths. The column can be overdrawn within the calice, so as to leave no central 
aperture, and completely hide the disk. The lower terminal margin of the edge-zone in isolated 
polyps is circular. Structurally the wall is very thin and transparent, and during full expansion 
is situated some distance from the corallum; the internal mesenteries and the skeleton are seen 
very distinctly through it. 

The tentacles in the partly expanded condition are short and stout, with a broad base; they 
become long and narrow when fully extended, terminating in a small opaque swelling or knob. 
The surface is tuberculated, owing to the presence of minute nematocyst batteries; otherwise 
the walls are very delicate and perfectly transparent. The tentacles are about 8 mm. long on 
full expansion, and different cycles exhibit but slight variations in length. Thirty were 
counted on one polyp, thirty-six on another, and fifty-four on a third. Owing to their closeness, 
and small difference in size, it is practically impossible to determine from the tentacles themselves 
their cyclic arrangement, but it is readily seen that one occurs over each septum, and these follow 
the hexameral plan. 

The disk is smooth, generally oval, very thin walled, and so transparent as to allow of the 
internal mesenteries being clearly seen. The peristome is usually much elevated; the mouth is 
slit-like, and extends nearly across the naked part of the disk. The stomodzeal walls are sharply 
marked off from the disk, and present very deep ridges and furrows; in four polyps the 
ridges were twelve in number, and in two other polyps eighteen ridges occurred. At each angle 
of the mouth the disk is deeply rose-colored, thus affording a strong contrast with the whiteness 
of the stomodzeal wall. 

The tissues of the polyps as a whole seem very delicate, and on expansion are perfectly 
transparent, mainly owing to the absence of zooxanthellae. The proximal region may be slightly 
brown, while the upper part of the column on partial extension is a rich dark brown. The discal 
area is a delicate rose color. The angle at each end of the mouth is a much deeper rose, while 
the tips and the lateral nematocyst batteries on the tentacles may be a delicate green, and the 
general surface perfectly colorless and transparent. The ridges on the stomodieal walls are a 
dense white, and the intervening grooves darker. In fully retracted specimens the coloration 
is much deeper, mostly a rich dark olive, except over the septal edges, which always stand out as 
very distinct white ridges. 

At night, in the laboratory, the polyps are seen distended to their utmost, raised a few 
millimeters beyond the corallum, and the tentacles extended vertically upwards, horizontally, 
or overhanging. In the ordinary day condition the polyps are partly expanded, raised but little 
above the corallum; the tentacles may then be erect or mingle with one another centrally, and 
the mouth is open or closed. Sometimes the mouth will close quite suddenly, and then slowly 
open; or it may open to such an extent as to permit of the walls of the stomodzum being visible 
for the whole of their length, and even allow the actual interior of the polyp to be seen. On 
irritation the mouth opens suddenly, and afterwards closes slowly. 

Anatomy and histology.—The column wall as a whole is very thin, becoming a little thicker 
toward the tentacular region. The ectoderm comprises mainly clear glandular cells and 
supporting cells, with a few small nematocysts in the upper region. The mesogloea appears as a 
clear homogeneous layer. The endoderm is very narrow, and its free surface is even; zooxanthellx 
were wholly absent from-the specimens examined. 

Such a histological structure at once explains the clear transparent delicacy of the living 
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tissues already noticed among the external characters. The coloration of the living polyp is 
apparently superficial, for in no part of the ectoderm or endoderm can any elements, such as 
pigment granules, be discovered, which may be considered as giving rise to the bright delicate 
colors. 

The ectoderm of the column wall is somewhat thickened at its lower termaination, and passes 
abruptly into the skeletogenic (basal) ectoderm lining the outside of the theca. Throughout the 
polyp the mesogloea is a perfectly clear, homogeneous layer, in most cases indistinguishable from 
the field of the microscope; an included cell occurs but rarely. In the distal region of th 
column the mesoglea becomes broader, and immediately below the tentacular region is slightly 
folded on its endodermal surface to afford additional support to the endodermal sphincter muscle. 
The latter is but feebly developed, and is continuous with the circular musculature of the 
tentacles. 

The tentacles are both exoccelic and entoccelic in position. In sections through distended 
specimens the ectoderm presents alternate swollen and narrow areas. The former correspond 
with the tubercles noticed among the external features, and are constituted mainly of long, 
narrow, thin-walled nematocysts with a close spiral thread, while the intermediate areas are 
formed of a narrow epithelium resembling that of the column wall. In addition to the long 
narrow nematocysts, the apical knob contains a few oyal nematocysts with a loose spiral 
thread; a few large granular gland cells also occur in the deeper regions of the apical and lateral 
thickenings. In longitudinal sections through retracted tentacles the ectoderm appears as a very 
thick, irregular layer, the nematocyst batteries overlying one another, as in the So/enastrea 
(Pl. X, fig. 75). The tentacular musculature is well developed, and immediately beyond is a layer 
of very close, deeply-staining fibrils, with nuclei sparsely scattered among them. These extend 
from the muscular layer for some distance, and end in a more or less distinct narrow zone. The 
structure evidently corresponds with the nerve layer so frequently met with in the larger polyps 
of the Actiniaria. 

In retracted tentacles the mesoglea is folded on its endodermal border, and supports a 
comparatively well-developed circular musculature. The endoderm is extremely narrow, the 
cells are charged with protoplasmic contents, and show little or no yacuolization. Zooxanthelle, 
such as occur in most Zoantharia, are absent, but here and there throughout the polyp are the 
spheroidal, homogeneous, deeply-staining bodies, already described as occurring in Astrang/a. 
These are distributed more or less irregularly throughout the endoderm of the polyp, but are not 
sO numerous as in the species just mentioned. 

The radial ectodermal musculature of the disk is arranged on fine mesogloeal plaitings, a 
little stronger near the tentacular region; here also small nematocyst batteries are present. The 
more central part of the discal wall is very delicate in all its three layers. 

The stomodieal tube is very short in retracted specimens, and its lower extremity is folded 
backward and outward, and narrows intermesenterially. The ectoderm is strongly ridged 
vertically, the ridges corresponding in number and position with the insertion of the mesen- 
teries; the mesoglea and endoderm remain uniform all round. The ridges are practically 
equidistant in transverse sections, and here the ectoderm bears large oval nematocysts and 
granular gland cells; in the intervening grooves the layer is narrower, and constituted mainly 
of supporting cells. The ciliation is uniform all round, and very delicate ectodermal and endo- 
dermal muscular fibrils can be seen in sections. The ectoderm of the ridges terminates in direct 
continuity with the filaments of the complete mesenteries. 

The mesenteries are hexamerous, but the arrangement in alternating cycles is rarely 
completed all the way round. In one polyp sectionized transversely (p. 464), ten pairs of 
mesenteries were united with the stomodeum, and of these two pairs were directives. The 
ten pairs consist of six primary pairs and of four secondary pairs, the two remaining pairs 
of this latter order being imperfect; in the uppermost stomodeal region, however, one of 
the pairs becomes complete. An alternating tertiary order of twelve incomplete pairs may 
occur, but as a rule some pairs are rudimentary or absent. Thus there may be from six to 
twelve complete pairs, according to the size of the polyp, and from two to twelve pairs of 
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tertiary mesenteries. The sequence of the mesenteries in this species has been already noticed 
(p. +64.) 

The individual mesenteries are characterized by the thickness of the mesogloea, and by the 
intricacy and depth of the plaitings for the support of the longitudinal musculature. The 
foldings are nearly as complicated on the incomplete mesenteries as on the members of the first 
and second cycles, and continue thus throughout the length of the mesentery; slight variations 
in details occur in different mesenteries. The cut ends of the fibrils of the retractor muscle are 
very minute. The oblique musculature on the opposite face is strongly developed, and the 
fibrils appear to be nearly vertical in direction; in the case of the complete mesenteries a very 
distinct plaiting of the mesoglea takes place in the stomodeeal region, thus increasing the effectual 
surface. The cells of the mesenterial epithelium in the upper regions are mostly filled with 
deeply-staining, protoplasmic contents, and only a few clear gland cells occur. In the lower 
regions the layer thickens, and the contents become finely granular, the cell outlines disappearing. 

Filaments may occur on all the mesenteries, and closely recall those of Astrangia. The 
first part of the filament on the complete mesentaries is cordate in transverse sections, and 
histologically resembles the stomodzeal ectoderm, the tissue being of a similar character all 
round. Soon, however, the filament becomes circular, and nematocysts and gland cells are 
more numerous on the anterior part of the filament; the mesenterial mesoglcea on each side also 
becomes swollen immediately behind the filament. Still lower the filament is strongly charged 
with large, oval, thin-walled nematocysts. The organs are slightly convoluted below, and by no 
means crowd the ccelomic cavity. 

The septal invaginations extend centrally but a short distance, and only toward the 
proximal region are both entoccelic and exoccelic invaginations represented. The skeletotrophic 
endoderm is much thickened below, and is densely granular, the granules of different sizes being 
somewhat uniformly distributed throughout the layer. The lateral walls of the invaginations 
are deeply indented, corresponding with the granules on the septal faces. 

Within the edge-zone the mesenteries are mostly incomplete on the inner side, so that the 
perithecal chambers are but imperfectly divided. 


Genus CLADOCORA - Milne Edwards and Haime./@ 


Polyps smooth, distant, forming bush-shaped or fasciculate colonies, free or fixed, and often 
separated into subcolonies of from two to five polyps; perithecal continuation of the gastro-ccelomic 
cavity and mesenteries. Column wall smooth, cylindrical, elongated, on retraction may close over 
nearly the whole of the disk. Tentacles hexamerous, entoccelic and exoceelic, tricyclic, or incompletely 
tetracyclic, entacmzous, finely tuberculated, knobbed or rounded at end. Stomodeal walls ridged. 

Mesenteries regularly hexamerous, dicyclic or incompletely tricyclic, six pairs complete, two pairs of 
directives, all filamentiferous, extrusible. Septal invaginations entoccelic and exoccelic, tricyclic or 
incompletely tetracyclic, below unite centrally (columella), giving rise to twelve separate mesenterial 
loculi. 

Asexual reproduction by lateral columnar gemmation, rarely by fissiparous gemmation. 


Exameue.— Cladocora arbuscula (Lesueur). 


CLADOCORA ARBUSCULA (Lesueur). 
(Pls. VI-VIII, figs. 48-63. ) 


External characters. —Small bush-like colonies of this species occur in numbers in the 
shallow waters of Kingston Harbor, and at other points around the coast, either free or attached 
to loose pebbles or shells. Larger colonies are found in water of from three to six feet, and 
thickly incrust the wooden piles of wharfs and buoys, or even the bottoms of boats plying in the 
harbors. 


«Colony bush-shaped or branched or fasciculate. Corallites variable in length, erect, often flexuous, cylin- 
drical, and free laterally. Calices circular and shallow. Columella well developed. Septa exsert, subequal, rounded, 
and finely dentated and granulated laterally. Pali exist before all the cycles except the last. Wall compact, 
moderately thick. Coste simple, granular, or finely echinulate, straight. An incomplete epitheca, which often gives 
rise to horizontal collarettes, may extend from one corallite to another. Endotheca scanty. Gemmation lateral and 
often in pairs from the same height on the stem.’’ (Duncan, 1885, p. 70.) 
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Each colony is usually divisible into smaller subcolonies, in which a certain number of the 
polyps are still united one with another by the column wall. In any distinct subcolony rarely 
more than four or five polyps are united, branching at an angle varying from nearly a right angle 
to about 45°. Sometimes a single polyp may be disconnected from all the others, or only two or 
three may be in union. All stages in the formation of subcolonies, by the disappearance of the 
intervening portion of the soft tissues, are presented. During the process the proximal part 
of the column wall of two united polyps becomes constricted more and more, and finally the last 
connecting strand breaks down, and the polyps are completely isolated. The separation of 
individual polyps is more frequent in some of the humbler, bushy colonies, while other colonies are 
met with in which all the polyps are still united, no subcolonies being formed, or very sparsely. 

The part of the skeleton exposed by the withdrawal of the lower perithecal portion of 
the column wall and skeletotrophic tissues is at first clean and white, and covered with a very 
thin epitheca; but worm tub’s, alge, etc., from the older, dead parts of the colony soon encroach 
upon it. 

The column wall is cylindrical, and extends downward over the outside of the skeleton for a 
varying distance in different polyps, but rarely exceeding 5 mm. from the thecaledge. The surface 
is smooth and semitransparent, and is very distinctly ridged and grooved throughout its extent, 
the ridges corresponding with the coste and the grooves with the internal attachment of the mesen- 
terial continuations. The mesenteries seem to extend the full length of the column, but sections 
reveal that toward the lower extremity some become free from their inner attachment, or may dis- 
appear altogether (figs. 51, 54). When the polyps are expanded to their full extent, the column, 
tentacles, and disk become removed some distance from the underlying skeleton, and the columnar 
ridges and grooves are not yery pronounced. The column may extend upward as much as 4mm. 
beyond the theea, and the disk, becoming conical, may add another 4mm. On full retraction the 
tissues adhere very closely to the corallum, following its elevations and depressions; above, the 
column wall is overfolded, so as to cover the tentacles and greater part of the disk. On partial 
retraction the column wall is sometimes constricted ina circular manner, just below the tentacular 
zone. The lower, terminal edge of the column of the lowest polyp ina subcolony is very sharply 
defined, and the upper passes directly into the tentacles. 

The tentacles are in three or four cycles, but beyond the first cycle of six the arrangement 
is difficult to determine, as but small variations in size are exhibited, and the cycles are closely 
arranged. The general appearance is that of two alternating cycles of nearly equal size. The 
total number of tentacles varies from twenty-four to thirty-six; thirty and thirty-four are 
most frequently counted. 

All the tentacles are rather broad at the base, and narrow towards the apex, which is slightly 
swollen or knobbed. In the expanded condition the organs are usually overhanging, often one 
cycle to a greater extent than the other. Sometimes the members of the outer cycle may be 
reflected to such a degree as to be opposed to the column wall, while those of the inner cycle 
remain erect. Occasionally the tentacles may be shorter and more swollen proximally, as in the 
figure given by von Heider of C. cesp7tosa (1881), but generally they are long and narrow. In 
one or two instances a tentacle with a bifurcated apex has occurred, each half provided with a 
swollen tip. 

The tentacular walls are very delicate and transparent on full distention, bearing minute 
white tubercles over the whole surface. Like the apical swelling, these are only thickenings 
of the ectoderm, and on microscopic examination are seen to be batteries of stinging cells. The 
tentacles correspond in position with the septa and coste, which are easily seen through the semi- 
transparent tissues; the inner tentacles are placed over the larger septa, and the outer cycle over 
the alternating smaller septa. The tentacular apex has considerable adhesive power, holding 
on to any body brought in contact with it; the distal part of the stem also tends to fold round 
any object. The length of the innermost tentacles during full extension may be as much as 6 mm. 

The disk is smooth, circular, 2 or 3 mm. in diameter, and radiately grooved in correspondence 
with the internal complete mesenteries. In retraction it is depressed for some distance within 
the calice, assuming a cup shape; but sometimes the peristomial region is elevated. The 
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peripheral part is usually more vertical, and bears the tentacles at its rim. | During full expansion 
the disk may be raised centrally to the extent of 4mm. beyond the tentacular zone, and in this 
condition it is conical in shape, and swollen a little at the stomodal region; the walls are very 
thin and transparent, and permit of the arrangement of the mesenteries being followed. 

The stomodzeum often protrudes a little, in which condition vertical ridges and furrows can 
be clearly seen, six on each side. In polyps partially exposed at the surface of the water, the 
mouth becomes enlarged and circular in outline, to such an extent that the interior of the polyp 
below the short stomodzeum is visible. 

The color of the polyps throughout is a lighter or darker shade of brown, due to the color of 
the chromoplastids in the endodermal zooxanthelle. The ectoderm itself is colorless and trans- 
parent, as can easily be seen when living tentacles are examined under the microscope: hence 
the whiteness of the tip and tubercles on the tentacles, and of the lining of the stomodeeal wall. 
When the tentacles are contracted they become very dark brown, except at the tips, the density 
in coloration resulting from the more closely aggregated unicellular alge. The margin of the 
peristome is at times a bright iridescent green. Where colonies occur on the underside of 
some rock, or in such a position that little light reaches them, they may be colorless throughout, 
or show all gradations from the normal intensity toward a bleached condition. 

The species is very favorable for the study of lateral columnar gemmation, and different 
stages haye been already described (p. 501). A single polyp, or maybe two, arises from the 
upper portion of the column wall of another polyp, and in turn gives origin to other buds. The 
perithecal portions of the mesenteries of the parent seem altogether independent of the mesen- 
teries of the bud, but four or five coste of the parent corallite are continuous with the same 
number of the bud. Very rarely a bud may arise on the disk of a large polyp in such a way that 
the two are surrounded by a common tentacular system and a single column. 

The buds develop to a certain extent before any septal formation can be recognized; in one 
vase twelve mesenteries could be made out through the semitransparent tissues of the distended 
bud, without any evidence of septa or even of tentacles. The lower side of the bud grows in 
advance of the upper, hence the angle which the axis of the bud makes with that of the parent 
polyp; the lower tentacles likewise arise in advance of the upper. The manner of growth of the 
mesenteries has already been described (p. 458). 

The colonies live well in aquaria, the numerous symbiotic algz in the endoderm serying to 
keep the water aérated, without any artificial means or constant exchange. All the members of a 
subcolony respond when one is irritated, but slightly later. On retraction, the disk is lowered, 
and its peripheral portion and the tentacles are ranged along the inside wall of the calice, resting 
on the septa (fig. 48), so that the mouth and middle region of the peristome are alone visible; 
the column wall is then drawn horizontally over the margin of the calice, the circular edge 
nearly closing in the middle. 

The most usual living condition appears to be one of moderate expansion, with the 
tentacles erect or overhanging. Mesenterial filaments may be extruded, though very rarely, 
through the mouth or other part of the disk, and have been observed displaced to such a 
degree as to enter the tentacular cavities. They can be again indrawn. On narcotization with 
menthol the tissues shrink somewhat, and the mouth becomes widely open and circular. 

Anatomy and histology.—Throughout the whole of its length, extending from the outer row 
of tentacles to its terminal proximal mergin, the column wall presents a uniform structure (figs. 
52a, 59). The ectoderm is the best developed of the three layers, and comprises numerous 
unicellular gland cells with the contents clear or feebly granular. They constitute almost the 
entire layer, and are mostly ovoid in shape, and may extend the whole thickness of the layer. 
The interstices between the cells are filled by ciliated supporting cells with rounded or oval 
nuclei. Seen in surface view the ectoderm gives the appearance of a mosaic, the large 
polygonal gland cells forming clear areas, limited by the supporting cells as a kind of matrix. A 
few granular gland cells and small nematocysts are also present. 

At its proximal termination the ectoderm thickens somewhat, and histologically is very 
sharply marked off from the skeletotrophic ectoderm. The mesogloea is usually very narrow, but 
becomes thicker in the region of the mesenteries, appearing triangular in transverse sections; 
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at its lower termination it also thickens, then immediately thins out as it passes into the 
skeletotrophic tissues. The endoderm is a narrow, somewhat uniform layer, the cells of which 
contain numerous zooxanthelle; clear gland cells are scarcely represented. 

In all the tentacles a battery of nematocysts occupies the apex, and smaller batteries occur in 
different areas along the whole length of the stem. The former gives rise to the white apex 
noticed among the external characters, and the latter correspond with the smaller elevations 
along the stem of the tentacles. In sections of extended tentacles the ectoderm is swollen in 
the region of the batteries, and narrow in the intervening spaces (fig. 50). The nematocysts of 
the batteries are long and narrow, the internal spiral thread being so fine as to be determined 
with difficulty. Two kinds occur, one about half as long as the other; they are practically 
limited to a peripheral zone in the ectodermal layer, and this they crowd to the exclusion of 
nearly all other elements. 

In the living condition the enidocils are seen very distinctly as delicate triangular processes 
from the surface of the ectoderm, and cilia occupy the areas between. The larger nematocysts 
when shot out present an elongated oval cyst, anda long thread strongly barbed and thicker 
proximally, but very fine and smooth distally. Of the smaller nematocysts the thread is simple, 
and only partly extruded in most cases. Elongated, deeply-staining, homogeneous bodies are to 
be seen in the deeper parts of the ectoderm, and are no doubt developing nematocysts. Their 
internal end borders almost directly on the mesoglea, so that in attaining maturity they 
must migrate toward the periphery. 

The rounded nuclei of the ectodermal cells stain deeply, and stand out very distinctly from 
the other parts of the layer. In sections they are arranged just within the nematocyst zone, and 
a clear zone intervenes between the musculature and the nuclear region. Large, ovoid, gland cells, 
with coarsely granular contents, occur throughout the ectoderm, and occupy the greater proportion 
of the layer in sections, but are not so numerous in the region of the batteries. The ectodermal 
longitudinal musculature, though weak, is clearly distinguishable throughout the tentacles, the 
mesoglcea supporting it being slightly sinuous in some examples. Compared with its condition 
in most other regions of the polyp the mesoglea of the tentacles is well developed. The 
internal limitations of the endoderm are irregular, some portions extending more within the 
lumen than others; zooxanthelle are numerous, and the endodermal musculature is very weak. 

The ectoderm of the disk contains numbers of clear glandular cells, and an occasional 
nematoeyst; the endoderm is a broad layer, and zooxanthelle are abundant within its cells. A 
circular endodermal musculature can be readily distinguished, but no radiating ectodermal 
muscle fibers have been detected. 

In retracted polyps the central part of the disk is drawn somewhat internally, so that the 
actual lips are formed by it, and here the endodermal musculature is most obyious; but a little 
within the apparent mouth the ectoderm undergoes great histological modification, and assumes 
the usual characters of the stomod:eal epithelium. The stomodum is oval in transverse sections, 
so that the median axis of the polyp is easily determined. The walls are very short in vertical 
sections, and folded vertically and transversely (fig. 56), and in some polyps the ridges opposite 
the insertion of the mesenteries are well developed. At its lower termination the stomodeal 
ectoderm is strongly reflected, and passes for some distance along the two faces of the complete 
mesenteries, becoming continuous with the mesenterial filaments (figs. 51, 60). 

The structure of the stomodeal wall is the same all the way round in any transverse section, 
there being no histological differentiation distinguishing the ridges and furrows. Its ectodermal 
layer begins to narrow below, and mesenterially is in continuity with the tissue of the filaments. 
The ectoderm consists mostly of ciliated supporting cells, but long unicellular granular gland 
cells, the contents of which stain deeply, are also present. Many of the narrow gland cells 
extend outwardly as faras the margin of the layer, that is, a little beyond the nuclear zone, and 
are thus very distinct for this part of their length (fig. 524). Long narrow nematocysts, and also 
a large oval form, occur in the lower regions, and a great number of granular cells, especially 
toward the mesogloal limits of the layer. No trace of an ectodermal musculature or nerve 
layer can be seen. 
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Six pairs of mesenteries, constituting the first order, are perfect, and of these, two pairs, 
situated one at each end of the longer axis of the stomodeum, are directives (fig. 49); in serial 
transverse sections these are the first to cease their connection with the stomodeeum (fig. 51). 
The second cycle of mesenteries also consists of six alternating pairs, which are of moderate 
length in transverse sections, but never reach the stomodzum: For some distance below the 
stomodxeum little difference exists in the radial length of the mesenteries of the two cycles, but 
toward the lower region the second-cycle members lose their filaments, and disappear in advance 
of the others (figs. 54, 55). 

Members of a third cycle of mesenteries usually occur, but instead of consisting of twelve 
pairs, that is, a pair in the exoccele between each pair of mesenteries of the first and second 
order, only two to six pairs are developed, all situated on the sulcular or sulear aspect, as the 
case may be, in regard to the members of the first order (fig. 49). Often the two mesenteries 
forming a pair are not of equal length in transverse sections, nor do they extend for the same 
distance along the length of the polyp. All the members of the third order extend but a very 
short distance below the stomodeal region. The mesenteries of the two first cycles bear fila- 
ments of exactly similar structure, but they are rarely fully developed on the members of the 
incomplete third cycle. 

The mesenterial plan of an irregular polyp, having three pairs of directives, is represented 
in fig. 53; probably it represents a stage toward fissiparous @emmation. 

When free the mesenteries are somewhat clavate in form in transverse section, very narrow 
at their origin in the body wall, and broadening a little until they terminate in the enlargement 
of the filaments. The mesogloea is narrow at its origin, and widens beyond, narrowing some- 
what again toward its free end, and then enlarging at the base of the filament. It is a clear, 
homogeneous layer without cellular contents, and the face bearing the retractor muscle is 
thrown into deep, simple or slightly complicated folds, nearly alike throughout its radial 
length, but a little more pronounced in the middle. The opposite face bearing the oblique 
musculature is smooth (fig. 59). 

The retractor muscle extends as a simple layer of vertical muscular fibers over the whole 
surface of one mesenterial face, and the musculature on the opposite face can be readily dis- 
tinguished in slightly oblique sections. Below the stomodeeum the musculature is equally 
developed on each face of the mesentery for some little distance from the origin, and the fibers 
on both faces are nearly vertical in direction. The muscle fibers can be traced for a short 
distance along the body wall, continuous with those from the mesentery, recalling the parieto-basilar 
muscles of the Actiniaria. As the mesenteries become shorter transversely, and lose their fila- 
ments, the musculature is of the same character all the way round. 

As shown in fig. 51, the terminal portion of the stomodieal wall becomes reflected outwardly, 
so that in transverse sections it is cut through twice. The ectoderm narrows somewhat, and passes 
for some distance along the two faces of a mesentery, swelling a little and then terminating 
rather abruptly. Traced section by section each mesentery ultimately severs its connection 
with the stomodeum, but is still capped by the same deeply-staining tissue; thus absolute 
continuity is made between the stomodzal ectoderm and the mesenterial filaments, and for some 
distance the histological elements are much the same in both. In the section through the 
terminal stomodeal region, represented in fig. 51, all the stages in the separation of the six pairs 
of mesenteries can be observed, the directives being the first to become free. 

A transverse section through a filament, just after the mesentery becomes free from the 
stomodeeum, is represented in fig. 57. The outline for a short distance is cordate, and histologically 
the filament is constituted of ciliated supporting cells, which are somewhat longer toward the apex 
than laterally. Long narrow nematocysts occur in this region of the polyp, mostly aggregated 
about the apex, as well as granular gland cells, especially noticeable toward the internal limits. 
The mesogloea from the mesentery passes toward the middle of the filaments, enlarges somewhat, 
and then sends a branch to each side. The musculature can in most cases be distinguished on 
both faces of the mesoglea of the mesentery, thence passing to the concaye surface of the 
filamental portion. A punctate appearance isalso presented around the conyex border, indicating 
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nervous elements; the posterior margins of the filament inclose a tissue exactly resembling that 
of the mesenterial epithelium. 

Traced below, the filament undergoes some change in outline, and two lateral lobes of 
endoderm are developed to a greater or Jess extent. This is shown in fig. 57c. The lateral lobes 
differ but slightly from the ordinary mesenterial epithelium, except that the cells are longer and 
the nuclei are aggregated toward the free surface. As shown in the particular example figured, 
the lobes on the two sides are not always symmetrical. 

Still lower in the polyp, where a certain degree of convolution takes place, large oval 
nematocysts predominate in the filament, and gland cells are more numerous (fig. 58). All stages 
in the development of the large nematocysts can be traced, from one in which the contents are 
perfectly homogeneous and deeply-staining, with no trace of any thread, to the more mature 
forms where the spiral thread is fully developed. 

The skeletotrophic tissue is narrow throughout, and the three layers—endoderm, mesoglea, 
and ectoderm—can usually be distinguished, though not always the last. The endoderm in 
the upper region differs only slightly from its character in other regions of the polyp, being 
a simple compact columnar layer, the cells of which contain zooxanthelle and much granular 
matter. The mesoglea is extremely thin, and rarely distinguishable as more than a dividing 
lamella between the two cellular layers. The appearance of the ectoderm in the upper, rapidly 
growing parts of the polyp is represented in figs. 59, 63. The free border is jagged and irregular 
in outline, as if torn from some other surface with which it was in structural continuity, and the 
cells form a simple columnar epithelium. Away from the upper edges of the septa, etc., the 
calicoblast layer becomes much reduced in thickness, and loses its columnar character; generally 
a few desmoidal processes occur in sections near the insertion of a mesentery. 

Toward the floor of the calice the calicoblastic layer is often found in an active condition, 
and the endoderm over it is much thicker and crowded with coarse granules; in such cases 
dissepiments are probably in course of formation. 

The gastro-ccelomic cavity above is only partly subdivided by the mesenterial and septal 
invaginations (figs. 49,53), and is continued over the edge of the calice as a narrow space, again 
subdivided by mesenterial partitions and costal outgrowths (fig. 54). In the lower regions -the 
central part of the cavity becomes more encroached upon by the ingrowth of the septa, and by 
the great increase in thickness of the endodermal layer covering them (figs. 54, 55). Ultimately 
the twelve entoccelic septa meet in the middle, and twelve interseptal chambers are formed, 
wholly cut off from one another, and each partly subdivided by the exocelic septa which never 
meet in the middle. 

Genus ORBICELLA Dana.“ 


Polyps verrucose, distinct, closely united one with another along a polygonal base, and forming 
massive colonies of various shapes, fixed, incrusting, or free, with perithecal continuation of the 
gastro-ceelomic cavity and mesenteries. Column cylindrical, polygonal at the base, on retraction may 
almost completely fold over the disk; diffuse endodermal sphincter muscle usually present. Tentacles 
hexamerous, entoccelic and exoccelic, tricyclic or tetracyclic, tuberculated, sometimes swollen toward 
the origin, rounded at apex, introvertible, cycles close or widely apart. Stomodzal wall ridged. 

Mesenteries hexamerous, usually di- or tri- cyclic, one or two cycles complete and filamentiferous, 
two pairs of directives present. Septal invaginations entoceelic and exoccelic, tri- or tetra-cyclic, divid- 
ing the gastro-celomic cavity into partly distinct chambers. 

Asexual reproduction by marginal and intercalary gemmation. 


Exampues.— Orbicella annularis (Ell. & Sol.), O. radiata (Ell. & Sol.), O. cavernosa (Linn.). 


«Colony of various shapes, convex, subspherical, subplane, short or tall, adherent, incrusting, or free. 
Corallites united by continuation of the exotheca, which exists between and beyond the costs beneath the surface, 
rarely by the costze themselves. Walls usually, but not invariably, stout. Calices with free circular margins, more 
or less crateriform and eleyated. Columella well developed, spongy, and not projecting, with a plain free surface. 
Septa exsert or not, with well-developed laminz, thicker near the margins than near the columella, where there is 
often a paliform tooth, dentate. Coste well developed, passing over the surface for some distance; where seen on the 
wall of a corallite they are lamellar and well developed, often spiny. Endotheca well developed. Exotheca between 
and usually beyond the cost, well developed. Epitheca may or may not exist. Gemmation inframarginal, and 
from the area between the calices.”’ (Heliastrea, Duncan, 1885, p. 104.) 
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ORBICELLA ANNULARIS (Ellis & Solander). 
(Pls. VILL-X figs. 64-73.) 


External characters. —TVhe species occurs on coral areas im small or large, fixed, nearly 
spheroidal masses; also as an incrustation occupying areas several feet across. Small isolated 
colonies are sometimes conical. In places it is an important constituent of the reefs. During 
partial expansion the distal parts of the polyps are 2 or 3 millimeters apart, and on full 
expansion the column becomes raised above the surface of the corallum for about 3 mm., in which 
condition the individual polyps become so much enlarged that the columns may press against one 
another. The column wall is smooth and cylindrical, and the proximal boundary of each polyp 
is indicated by a polygonal shallow groove. When retracted, strong external ridges and deep 
grooves correspond with the septa and mesenteries respectively. The costal ridges are alter- 
nately large and small. The column can be partly drawn, iris-like, over the disk, but never so 
as completely to hide it; on very strong retraction of the polyps the exsert edges of the costa 
project greatly, as if perforating the tissues. 

The tentacles are very short, appearing in two alternating cycles, usually of twelve each; the 
inner and larger correspond with the primary and secondary septa, and the outer and smaller 
with the tertiary septa. They vary very much in character under different conditions of expansion 
of the polyp. Normally the tentacles are digitiform outgrowths, with a swollen apex, but during 
full expansion the walls of the polyps may be swollen to such a degree that the tentacular 
walls become involved in the disk, and practically disappear, their position being indicated only 
by slightly raised, light-colored, triangular areas, small and large alternating. In some polyps 
the organs are imperfectly developed, so that no definite protuberances are represented; at 
other times mere pyramidal processes appear at the apex of the costal ridges, a larger and inner 
cycle alternating with a smaller and outer. During retraction the tentacles are hidden under 
the overfolding column wall. The organs thus differ much from those in 0. radiata (p. 428). 

The naked portion of the diskis about 5 mm. across. It is deeply depressed when the polyps 
are expanded, and almost completely hidden on retraction. The peristome may be much or only 
slighted elevated, but there are no true lips, the boundary of the disk and stomodzeum being 
sharply defined by differences in pigmentation. The mouth is generally open and oval shaped, 
and stomodzal ridges are not distinguishable. 

The color of the colonies as a whole is usually a steel gray or dark brown, and the tissues 
generally appear dense and nontransparent. In some the tentacles and disk are a bright emerald 
green, and an iridescent appearance is often produced by the presence of minute, white gran- 
ules all over the column wall and middle region of the disk. The stomodieal wall is colorless. 

White, coiled mesenterial filaments may be extruded through temporary apertures in any 
part of the superficial tissues, and may be again indrawn. 

Asexual reproduction takes place by intercalary and marginal gemmation. Buds with only 
eight tentacles have been observed. 

Anatomy and histology.—The proximal region of the column wall is sinuous in transverse 
sections, consisting of alternating larger and smaller ridges, separated by more or less acute 
grooves; the former correspond with the costal evaginations, and the latter with the line of 
attachment of the perithecal portion of the mesenteries. The wall consists of a broad ectoderm 
and endoderm, but the mesoglea is thin, except at the line of attachment of the mesenteries. 
The outermost layer is provided with scattered nematocysts throughout its extent, and finely 
granular, pigment matter occurs in its deeper regions, sometimes extending to the surface. The 
granules appear as if irregularly distributed in patches among the various cellular constituents, 
and in all probability they function as pigment matter, and give rise to the dense opaque appear- 
ance of the living tissues; many clear gland cells occur in addition (figs. 64, 65). 

Zooxanthellze are very numerous in the endoderm cells, and a layer of delicate muscle 
fibrils can be made out in vertical sections, especially in the distal region of the column wall. 
The layer is sufficiently well developed to warrant its being regarded as a special sphincter 
muscle of the diffuse endodermal type (fig. 65). 
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The ectoderm of the tentacles is somewhat broader than that of the column wall, and the 
apical region is crowded with narrow nematocysts, showing distinctly the internal spiral thread. 
Among these are a few larger cysts, which stand out very prominently on account of the highly 
refractive character of the wall, axis, and spiral thread; usually one or more lateral batteries 
are also seen in sections. The longitudinal ectodermal and circular endodermal musculatures are 
both clearly determinable, and outside the former a nerve layer is sometimes displayed. 

Pigment granules occur very sparingly in the ectoderm of the disk, and in the living polyps 
this area is usually more transparent than the column wall; clear mucous gland cells are 
numerous, and nematocysts are developed here and there. A very delicate ectodermal and 
endodermal musculature is present, and the external ciliation is sometimes persistent in preserved 
material. The mesoglea is a rather broad layer, and numerous zooxanthelle are present in the 
endoderm. In strongly retracted specimens the discal ectoderm is inturned for a short distance 
within the stomodveal cavity (fig. 67). 

The stomodeum extends but a short distance vertically, and at its lower termination is 
folded outwardly and upwardly, so that in transverse sections it may appear twice, the two 
being a wide distance apart. Its ectoderm comprises at least two kinds of narrow nematocysts, as 
well as a few examples of a large, oval, thin-walled variety. Different stages in the development 
of the latter are easily recognized by the deeply-staining character of both the cyst wall and the 
contents. Large, oval or spheroidal, unicellular gland cells occur, charged with large, colorless 
or slightly yellow, spheroidal granules, which do not stain in hematoxylin or borax carmine; 
they are prominent features in ell the internal tissues, both mesenterial and skeletotrophic. In 
addition to these are numerous gland cells with finer granular contents which stain intensely. 

Owing to the shortness of the stomodeeum, the backwardly folded condition of its walls in 
retracted polyps, and the great number of mesenterial prolongations and septal invaginations, 
the arrangement of the mesenteries can be determined only with difficulty. Two polyps section- 
ized transversely contained twelve pairs of mesenteries, of which six pairs are complete and six 
incomplete; among the former, two pairs, situated at opposite extremities, are directives. In 
retracted polyps, where the column wall becomes overdrawn within the calice, transverse sections 
pass through the latter twice, and all the mesenteries extend from one wall to the other. The 
imperfect mesenteries stretch for some distance centrally, but are never convoluted like the 
complete members. Fully developed filaments are borne only by the mesenteries of the first 
order, but at the free edge of the othersa small number of cells with deeply-staining nuclei occur, 
very readily distinguished from the undifferentiated mesenterial epithelium, though passing 
gradually into it. From its close resemblance to the mesenterial filaments in the early larval 
stages the tissue manifestly represents as an incipient filament. 

The mesenterial epithelium is a broad layer, characterized by an abundance of gland cells 
with large granules (fig. 72); many clear gland cells also occur, and nematocysts rather sparsely. 
The mesoglea is thickly developed in retracted polyps, and the face on which the retractor muscle 
occurs exhibits rounded folds or narrow plaits for giving additional surface to the musculature. 
The foldings are somewhat irregularly disposed, and scarcely alike on any two mesenteries, and 
are more strongly developed in some regions than in others (fig. 68). The oblique musculature 
on the opposite face of the mesentery is distinct in the upper regions of the polyp, and where 
the mesenteries shorten below, the fibers are nearly the same in direction all the way round. 

The perfect mesenteries are larger and become much convoluted in the middle region of the 
polyp, nearly filling the gastro-ccelomic cavity, but the proximal region of the polyp is altogether 
devoid of mesenteries. In vertical sections the organs are seen to be restricted to the upper 
half or two-thirds of the polyp (fig. 67). 

In the upper region the perithecal portion of the mesenteries extends wholly across the 
space from the column wall to the skeletotrophic tissue; but toward the lower termination some 
become free from the column wall, remaining attached only to the skeletal lining. The muscu- 
lature is about equally developed on each face in the lower regions, and each set of fibrils 
extends in the same direction, the mesoglea remaining nearly smooth; above, the face bearing 
the retractor muscle is slightly plaited. The endoderm as a rule is much swollen toward the 
insertion of the mesentery on the column wall. . 
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The mesenterial filaments exhibit the usual histological details. Two or three kinds of nema- 
tocysts and gland cells occur (fig. 72a), and the mesenterial epithelium immediately behind is not 
always swollen to the degree usual in the Madreporaria. In the lower regions large oval nema- 
tocysts* predominate. 

The filaments on certain of the mesenteries undergo a glandular differentiation within a 
limited portion of their extent, and all stages in the process, from the normal filament to the 
wholly glandular, can be followed. The general characteristics of these organs have already 
been given (p. 473). Where best developed the filamental cells, with the exception of the 
supporting cells, are all modified, and are filled with a finely granular substance (figs. 69-71). 

Septal invaginations occur within all the entocceles and exocceles, but the entoccelic extend 
by far the most centrally; the exoccelhe never appear as more than shallow internal depressions 
of the skeletotrophic tissues. The entoccelic invaginations are usually twelve in number, and 
are approximately equal in their radial extent; six correspond with the mesenteries of the first 
order, and six with the mesenteries of the second order. Although practically equal in size, the 
twelve entocelic septa will therefore represent the first and second orders, corresponding with 
the primary and secondary orders of mesenteries, while the twelve septa, corresponding with 
the exoceeles, will constitute a third order. An examination of the skeleton reveals that a slight 
distinction in thickness and in radial extent can often be made between the septa of the first and 
second order, while the members of the third never project far from the thecal wall. The 
interseptal loculi are not completely separated from one another, that is, they remain in commu- 
nication centrally, indicating that the columella does not wholly occupy the center of the calice. 
Adjacent septa do not as a rule fuse within the central region, and the center of the calice is 
occupied for the most part by the large vertical teeth, one of which arises from each septum of 
the first and second orders. Outwardly. the costal evaginations are strongly developed, and are 
on the same radii as the septal invaginations. 

The endoderm of the skeletotrophic tissues is a narrow layer in the upper region of the 
polyps (fig. 68), and contains zooxanthelle and conspicuous granular gland cells. As the more 
internal regions are approached, the layer becomes much broader, and its cells undergo the usual 
yvacuolization, most of the contents being aggregated toward the free surface. Zooxanthelle 
and gland cells occur, however, as far as the basal extremity (fig. 73). 

The skeletotrophic mesoglaa is everywhere very thin, except at the insertion of the 
mesenteries on the corallum, where it is broadened and bears numerous desmocytes. 

Jorresponding with the smoothness of the theca, and of the faces of the septa, there is an 
absence of indentations on the skeletal tissues, such as occur where echinulations are present. 

The skeletogenic ectoderm has almost wholly disappeared, except at certain places, such as 
the edges of the costw and septa. At these the layer retains a considerable thickness (fig. 66); 
longitudinal sections also reveal that the layer may be in an active condition along the extreme 
basal area, and the mesoglea here becomes a little broader (fig. 73). It is manifest that the 
activity of the skeletotrophic layer in this region is associated with the formation of dissepiments. 

Zooxanthelle oecur everywhere in the endoderm, and algal filaments penetrate the skeleton 


throughout. 
Genus SOLENASTRAEA Milne Edwards and Haime.@ 


Polyps smooth, very close or more distant, united along a polygonal base, perithecal continuation 
of the gastro-ccelomic cavity and mesenteries very restricted, sometimes none at all; form light, massive, 
incrusting or free colonies. Column cylindrical, polygonal at the base, on retraction upper part folds over 
the disk; no sphincter muscle. Tentacles tricyclic and hexamerous, tuberculated, swollen at apex. 
Stomodeal wall ridged. 

Mesenteries dicyclic, hexamerous, both cycles filamentiferous, two pairs of directives. Septal 
invaginations entoccelic and exoceelic, tricyclic, united centrally (columella), thus forming a separate 
chamber below for each mesentery, transversely truncated below. 

Asexual reproduction by intercalary, marginal, and fissiparous gemmation. 


EXAMPLE. —Solenastreea hyades (Dana). 


«“Colony massive but light, convex above, incrusting or tall, often gibbous, rarely plane. Corallites long or 
short, united by a well-developed exotheca, which extends beyond the small costee. Calices with free margins, which 
are usually circular, but sometimes unsymmetrical in outline. Columella spongy or feebly developed. Septa thin 
or stout, imperforate, dentate. Endotheca fairly developed. Gemmation extracalicinal.’”’ (Duncan, 1885, p. 107.) 
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SOLENASTRAA HYADES (Dana). 
(Pls. X-XUII, figs. 74-91.) 


External characters.—F ree colonies of this species are to be found lying on the sea floor at 
the eastern end of Kingston Harbor, often incrusting or inclosing some pebble, shell, or other 
foreign body. I have not met with it elsewhere around Jamaica. 

The polyps in any colony may be either very close together or wide apart, the polygonal 
divisions between one polyp and another being strongly marked. When the polyps are dis- 
tended to their full extent, the column wall reaches 2 or 3 mm. beyond the corallum, and is 
cylindrical, or it may be slightly constricted at the middle and enlarge again distally. The 
wall is adherent to the skeleton only at the polygonal line of union of adjacent polyps. 

During partial expansion the column wall is somewhat infolded within the calice, and the 
tentacles protrude from beneath, leaving the middle region of the disk and mouth exposed. On 
complete retraction the calicular portion of the column wall is further depressed and overfolded, 
almost completely hiding the disk and leaving but a small central aperture (fig. 74). The extent 
of the perithecal part of the column during retraction varies much in different regions of a 
colony, according as the polyps are close together or widely apart. 

The column wall is smooth, thin walled, and ridged and grooved in correspondence with the 
internal coste and mesenteries. The costal areas are practically equal, not divided into alter- 
nately small and large divisions, as is more usually the case. The corallum shows very distinctly 
through the thin, extracalicular portion of the column wall. 

The tentacles are in three cycles, arranged according to the formula 6, 6, 12, and correspond 
in position with the septa. The total, 24, is occasionally departed from; in young polyps it is 
less, and very rarely it is more. The tentacles of the innermost cycle are 2.5 mm. in length, and 
differ but little from those of the second cycle, while they are nearly double in size the members 
of the last cycle. On the living polyp they appear as two alternating cycles of larger and 
smaller tentacles, the inner and larger communicating with the entoceles, the outer and smaller 
with the exoceeles. Their lateral walls are provided with small urticating areas, white upon 
a transparent background; the apex is white and rounded, or distinctly knobbed. On full 
expansion of the polyps the tentacles are overhanging, and when all are extended they practically 
cover the colony, giving to it a delicate, pale brown, fleecy appearance. 

The disk is smooth, circular, and radiately ridged and grooved, with rounded elevations 
along the ridges, corresponding with the denticulations along the edges of the septa. The 
discal diameter during full expansion is about 3.5 mm. 

The peristome is often much elevated, ending sharply in the narrow, slit-like mouth. Under 
some conditions the peristome and mouth are both rounded, and at other times the lips may 
approximate in the middle, the two ends remaining open and serving as a means of communication 
between the exterior and interior. The approximation may be so pronounced as to give rise 
to the appearance of two quite distinct oral apertures. The stomodial walls display six white 
longitudinal ridges with alternating grooves on each side, and are capable of almost complete 
eversion. 

Colonies as a whole are lighter and darker shades of brown, the tissues being delicate and 
partly transparent. The basal region of the column wall is often light brown, and the white 
skeleton shows through; on partial retraction the intracalicular portion of the column wall and 
the disk are dark brown, as well as the tentacles. The swollen tips of the tentacles and the 
stinging areas are colorless, and iridescent green radiations are occasionally present on the disk 
and on the inner face of the tentacles. In some instances the polypal tissues on the under 
surface of a colony were perfectly colorless and transparent, and examination revealed an 
absence of zooxanthelle from the endoderm. 

The polyps do not expand during the day with the same readiness as some species, but at 
night are seen opened to their full degree. Irritation of one polyp is slowly responded to by 
those immediately surrounding. Mesenterial filaments can be emitted through the mouth on 
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irritation, and are again withdrawn. New individuals arise amongst the others at any spot along 
the line of union of contiguous polyps, and also around the margin.“ 

Anatomy and histology.—The column wall is very thin in microscopic sections, the mesogloa 
being scarcely determinable as a distinct layer. The ectoderm is constituted almost wholly of 
clear gland cells, and in vertical sections these are regularly arranged and lie closely together; 
nuclei occur in the intervals between one gland cell and another, and give rise to a discontinuous 
zone about the middle of the layer. In the more internal parts occur smaller gland cells with 
granular contents, and also a number of nuclei closely apposed to the mesoglea. The endoderm 
is very thin, often not more than the diameter of a single zooxanthelle across. No muscle 
fibrils are seen on either side of the mesoglea, not even in the capitular region of retracted 
polyps (figs. 76-78). 

The tentacular ectoderm is a broad layer, especially at the tip, where it is constituted largely 
of supporting and nematocyst-bearing cells; fewer clear gland cells, and more of the granular 
variety, occur than in the column wall. In retracted specimens the lateral nematocyst batteries 
stand out prominently, while the intervening areas are very narrow (fig. 75). The nematocysts 
are mostly of the long, narrow, thin-walled form, and an ovcasional large oval specimen may be 
present, especially at the tip. A distinct longitudinal ectodermal muscle layer occurs, while the 
endodermal musculature is weak, becoming a little stronger proximally. The endoderm is 
richly supplied with zooxanthelle. 

The disk presents no important histological differences from the column wall. The stomodzeum 
is very short in fully retracted polyps, its walls being greatly folded transversely, but in the 
examples studied the ectoderm presents no special vertical folds with mesogleal thickening, 
although strong ridges are noted among the external characters. 

The mesenteries are in two cycles of six pairs each, the first only reaching the stomodeeum 
(tig. 81). Two pairs of directives occur in all cases. Beyond the primary and secondary cycles 
new mesenteries are added in double unilateral pairs, of which one pair becomes complete and 
the other remains incomplete, in such a manner that no additional third cycle is formed. Such 
enlarged polyps ultimately undergo fissiparous gemmation. A septal invagination of the skeleto- 
trophic tissue occurs within each entoccele and exoceele. 

The mesenterial endoderm bears numerous clear mucous cells and zooxanthelle. The 
mesoglea is a broad, clear, homogeneous layer above, but narrows below. For some distance 
from the line of origin of the mesentery one face of the mesogla@a is thrown into numerous close 
folds for giving increased support to the retractor muscle, but the opposite face remains smooth. 

Mesenterial filaments occur on all the mesenteries, and are somewhat exceptional both in form 
and structure. The filament is nowhere sharply distinguished from the mesenterial epithelium, 
but the two tissues pass insensibly into one another. The free end of the mesentery is simply 
clavate, the thickened region, whether filament or mesenterial endoderm, consisting mostly of 
ciliated supporting cells (fig. 85). At the actual tip one or two nematocysts may occur, and in the 
lower convoluted region numerous large oval nematocysts are found as usual. With such a form 
and structure the mesenterial filaments bear very close comparison with the incipient stages of 
the filaments on the incomplete mesenteries of most other corals. 

The skeletotrophic endoderm is narrow in the upper region of the polyp, but becomes very 
broad below (figs. 75, 79). Zooxanthelle are present throughout, and in the lower region gland 
cells with exceptionally large granules begin to be numerous; the individual granules are nearly 
as large as the zooxanthellx and are highly refractive. As the lower regions are approached the 
endoderm undergoes an increase in thickness; the zooxanthelle and granular gland cells are still 
plentiful, and along with the nuclei are nearly all aggregated toward the periphery of the layer. 

The supporting lamella of the skeletotrophic tissues is very thin throughout, only clearly 
determinable as a distinct layer at the place of origin of the mesenteries, and in these regions 
desmoidal processes can be distinguished. The skeletogenic ectoderm remains as a somewhat 
distinct layer, even in the most proximal regions, though in some places more than others 


“ Fissiparous gemmation has since been found to occur. 
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(fig. 79, 85). It nowhere becomes a typical columnar epithelium, but remains highly granular, 
with indistinct cellular divisions, and nuclei here and there. The skeletogenic ectoderm, and 
less so the mesogleea and endoderm, are much indented, corresponding with the granules on the 
septal face (fig. 8+). 

The gastro-ccelomic cavities of the different polyps communicate with one another by means 
of the perithecal continuations of the mesenterial chambers. In retracted polyps the perithecal 
chambers are deeply concave outwardly, the mesenteries being yery short, but the inner wall 
against the theca is nearly flat. 

In the upper sections of retracted polyps the twelve mesenterial chambers, separated from one 
another by the septal invaginations, and each containing two mesenteries, are in communication 
with the middle of the gastro-ccelomic cavity. But below, each chamber becomes divided into 
two by an exoceelic septal invagination, so that twenty-four mesenterial chambers are formed, each 
containing only one mesentery. These chambers are wholly distinct from one another in sections, 
separated by the septa and columella; the exoseptal invaginations do not reach the columella, 
but unite laterally with the entoseptal invaginations of the second order (fig. 84). 


B.—FISSIPARANTES. 


ASEXUAL REPRODUCTION TAKES PLACE BY STOMODZAL FISSION, WITHOUT THE PRODUCTION 
OF MORPHOLOGICALLY COMPLETE POLYPS. THE TENTACLES, MESENTERIES, AND SEPTA, AFTER 
FISSION IS ESTABLISHED, ARE NOT ARRANGED IN REGULAR HEXAMERAL CYCLES, ‘AND NO NEW 
DIRECTIVE MESENTERIES ARISE. 
Genus FAVIA Oken @. 


Polyps verrucose, usually distinct, slightly distant; occasionally two or more oral apertures are 
inclosed within a single tentacular system; gastro-cceelomic cavity and mesenteries prolonged peri- 
thecally; form convex, hemispherical, free, or incrusting colonies. Column cylindrical, oval, or irregular 
in outline, on retraction almost completely folded over the disk; no sphincter. Tentacles irregularly 
multicyclic, entoccelic and exocelic, stem tuberculated, knobbed or rounded terminally. Stomodezal 
ridges well developed, variable in number. 

Mesenteries irregularly multicyclic, all filamentiferous, directives present only in larval polyps. 
Septal invaginations entoccelic and exoceelic, irregularly multicyclic, not wholly uniting centrally; 
mesenterial loculi only partly distinct, obliquely truncated basally. 

Asexual reproduction by partial or complete fission. Polyps monecious, viviparous. 


ExampLe.—Favwia fragum (Esper). 
FAVIA FRAGUM (Esper). 
(Pls. XITI-XV, figs. 92-116. ) 


Excternal characters. —TVhe colonies are usually small, 5 to 10 em. in diameter, subhemispherical 
or irregularly shaped, attached by a narrow base to dead coral masses or other foreign objects, 
and inhabit the shallow waters on the reefs. They are easily detached from their basal support. 
The surface of the colony is approximately regular when the polyps are retracted, but becomes 
uneven during full expansion, as some polyps extend higher than others, and otherwise vary 
much in size. The polyps may be either round, oval, or triangular in outline, and on full 
expansion are separated 6 or 7mm. from one another. In the majority of cases only one oral 
aperture is surrounded by a tentacular system, but sometimes there may be two or even three 
apertures on a single disk, and all stages toward complete fission by the ingrowth of the lateral 
wall of the calice are to be met with on a colony. 

The polygonal lines of union of the column wall of contiguous polyps are not clearly indicated 
by any smooth groove, but perithecal mesenterial attachments, alternating with the cost, are 


«(Colony hemispherical, convex, lobed, rarely subplane, fixed, free or incrusting. Corallites united by their 
costee and by a cellular exotheca. Calices variable in distance, with free margins, subcircular, oval, deformed in 
outline. The columella is spongy. The septa are exsert, cross the wall, and the septo-coste unite with those of 
other calices, or are separated by a groove. The septa are dentate, and the inner teeth simulate pali. Endotheca 
well developed. Epitheca often exists. Increase by fissiparity, the resulting corallites soon becoming separate.” 
(Dunean, 1885, p. 100.) 
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distinct. Corresponding with the denticulations of the costae, the surface of the column wall is 
strongly verrucose over its entire length, a larger series of verruce alternating with a smaller, 
the latter not always extending as far upward as the tentacular zone. On full expansion the 
verruce are oval shaped, and arranged in single rows over each mesenterial interspace. During 
full retraction the column wall is overdrawn within the calice, so as to completely hide the 
tentacles, leaving only the middle region of the disk exposed. 

The tentacles are arranged in several series, but appear approximately dicyclic, an inner, 
larger cycle corresponding with the larger coste and septa, and an outer, smaller with the small 
cost and septa. When fully expanded, the tentacles of the inner cycle are seen to be situated at 
slightly different distances from the center of the disk, indicating separate orders, but no hexameral 
or any other regularity can be established. In preserved colonies the tentacles appear as two 
rows of short processes around the margin of the column. The total number may vary from 
about thirty to sixty, according to the size of the polyp; thirty-six were present on a medium-sized 
polyp. 

The tentacular stem is finely tuberculated, bearing white urticating spots, and a rounded, 
thickened area occurs at the apex, rarely appearing knob-like; otherwise the walls are very deli- 
cate and transparent on expansion. Sometimes the tentacles, even during full expansion of the 
polyp, are shrunk so that they appear darker in color, and the apex is broader than the rest. 
On partial expansion the tentacles are elongated, and the members of contiguous polyps may 
intermingle; usually they are short, stumpy, and rounded at the apex. 

The surface of the disk is finely verrucose, the verrucee being oval and arranged along the 
radiating areas, alternating with the internal attachment of the mesenteries. They exhibit an 
approximate cyclical arrangement. In the more circular polyps six radial areas can be made 
out, extending as far as the stomodzeum, and alternating with these may be one, three, or five 
shorter radial areas, the number being inconstant even in individual polyps. In larger polyps 
more than six pairs of radii are seen to reach the stomodeeum. During partial expansion the 
disk is deeply depressed, but on full expansion becomes strongly convex, extending above the 
tentacular zone in some cases as much as 5 mm. ‘The diameter of the disk of an average, simple 
polyp is about 5mm. The peristome may be much elevated, and the mouth at the apex is 
elongated. The stomodieum is colorless, and during full expansion is seen distinctly through the 
transparent tissues of the disk; slight ridges and furrows are present, usually four to six on 
each side. 

The color of the colonies varies from a light, clear, yellowish green to almost black, the 
lower portion of the column being somewhat lighter, owing to the white corallum showing 
through. A dark pigment is sometimes arranged in small oval patches, corresponding with the 
verruce, but the more general coloration is due to the presence of zooxanthelle in the 
endoderm; sometimes the disk shows a light green iridescence. In some instances a thin white 
opacity occurs around the upper margin of the column, opposite the large tentacles. 

Asexual reproduction takes place by fission. Two or more oral apertures on an elongated 
disk are the first indications of the formation of new polyps; later the tentacular zone and a 
septum from each side grow inward and complete the separation into two polyps, which remain 
united only peripherally. In some cases fissiparity results in two practically equal polyps, but 
in most instances one is larger than the other. During the early stages two oral apertures are 
found close together, each smaller than usual. 

Stages in the separation of the fissiparous polyps can be best made out in decalcified portions 
of colonies. The polyps first divide superficially, and as growth continues they separate further 
and further below; the skeletal tissues also grow inward from above downward, until the 
mesenterial loculi of each polyp become separated all the way. Instances occur in decalcified 
colonies in which the polyps are wholly separated above, each with its oral aperture, system of 
tentacles, and column, but below they apper as a simple polyp. In a portion of a colony 
decalcified twenty-two oral disks were counted, but only sixteen distinct uboral disks. The 
process of fission in this species has been more fully described on p. 508. 
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The polyps are often expanded during the day, but like most other corals are seen at their 
best at night time. The superficial tissues are then raised for several millimeters above the 
skeleton, and appear thinner walled and slightly more transparent, allowing the white skeleton 
to be seen through, and the various stages of fission to be more readily followed. White 
mesenterial filaments can be extruded through any part of the polypal wall. 

Colonies have been found at various times of the year bearing free larvee. Occasionally 
simple young polyps are met with attached to older colonies, evidently derived from larvee 
which settled directly in the neighborhood of the parent. The hexameral cyclic plan prevails 
throughout the simple polyps, but is lost when fissiparity commences. 

Anatomy and histology.—Vhe ectoderm of the column wall is a narrow layer with numerous 
clear gland cells, but no granular gland cells, nematocysts, nor muscle fibrils are distinguishable. 
The mesoglea is nearly as broad as the ectoderm, and connective tissue cells are present here 
and there. The endoderm is crowded with zooxanthelle, and delicate circular muscle fibrils 
can be made out. 

The tentacles are very short in sections of partly retracted polyps. The ectoderm of the 
swollen apex is a broad layer, its peripheral half crowded with long narrow nematocysts, hearing 
a closely spiral thread. In the deeper regions occur numerous, strongly stained examples in 
different stages of development; a larger nematocyst, showing the central axis very distinctly, 
may occasionally be seen. The urticating spots noticed amongst the external characters appear 
in sections as lateral rounded elevations of the ectodermal layer, and bear nematocysts similar to 
those of the knob. The merest trace of an ectodermal musculature occurs. In preserved 
specimens the tentacular endoderm practically leaves no lumen above, its cells being largely 
vacuolated and crowded with zooxanthellx; the muscular fibrils are also slightly better developed 
than in the ectoderm. The discal endoderm consists mainly of clear gland cells, and the ectodermal 
and endodermal musculatures are of the weakest character. 

The stomodzum is very short in vertical sections, terminating below in a rounded edge 
intermesenterially, while mesenterially it is continued into the mesenterial filament. Where the 
stomodeum is widely open the surface is even, but where it is closed strong vertical ridges and 
furrows occur. The ectoderm is a very uniform layer of strongly ciliated supporting cells, with 
interspersed large oval nematocysts, and the endoderm is nearly devoid of zooxanthelle. 

The number and arrangement of the mesenteries are very variable, depending upon the size 
of the polyp and the rate of growth at any particular region. Three orders can usually be made 
out, though rarely presenting a cyclic regularity (fig. 93); no directives have been found in 
the many polyps sectionized, though they occur in the larval polyps. The last cycle of 
mesenteries extends but a short distance vertically, and all the mesenteries may bear filaments. 
The mesoglea is usually strongly developed, and one face is much plaited for affording support 
to the retractor muscle. Toward their lower termination many of the mesenteries are convoluted 
at their filamental edge, but the foldings are not so numerous as to crowd the gastro-ccelomic 
cavity. 

The mesenterial filaments,are of the usual type, with the swollen mesenterial epithelium behind 
highly vacuolated. Some of the filaments become greatly enlarged proximally, and charged with 
large oval nematocysts with the thread arranged in a wide spiral; transverse sections through 
these are not infrequent in sections, and present a very characteristic appearance (fig. 4). 
Two or three of the filaments in each polyp undergo a special glandular modification (p. 474); 
for a short distance vertically all the cells, with the exception of a few supporting cells, become 
enlarged and charged with a bright yellow, finely granular substance. 

Only entoccelic septal invaginations occur throughout the greater part of the polyp, alter- 
nately large and small, corresponding with the similar pairs of mesenteries (fig. 93). In the 
uppermost region, however, exoccelic invaginations extend a very short distance inwardly and 
vertically. 

Proximally, the interseptal loculi are never wholly cut off from one another, there being no 
solid columella in the corallum. 
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The skeletotrophic tissues present no exceptional character; the endoderm is a delicate layer 
throughout, increasing in thickness and vacuolization in the proximal regions; the gland cells 
are practically all of the clear variety, and zooxanthelle appear but sparingly. The layer is 
sharply indented in places, corresponding with the echinulations on the face of the septa. 

The polyps are hermaphrodite; ova and spermaria may be borne in close contiguity by the 
same mesentery, though more often they are on separate mesenteries. Occasionally a mesentery, 
in section, will contain only a single large ovum. 

~ Gonads, along with far advanced larvee, were present in all the polyps of several colonies at 
Bluetields, during the month of November. Lary were also liberated from colonies collected 
in April, while other colonies contained nearly ripe eggs. 


Genus DICHOCCENIA Milne Edwards and Haime./“ 


Polyps verrucose, close or more distant, the line of separation distinct or absent, very variable in 
size and outline, one, two, or many oral apertures on a single disk; gastro-ccelomic cavity and 
mesenteries prolonged perithecally; form massive, pedunculate, hemispherical, or plane colonies. 
Column cylindrical, oval or irregular, on retraction folding over the tentacles and periphery of the disk, 
no sphincter muscle. Tentacles irregularly multicyclic, entoccelic and exoccelic, stem knobbed or 
rounded terminally. Stomodzal ridges well developed, very variable in number. 

Mesenteries irregularly multicyclic, all filamentiferous, directives absent. Septal invaginations 
mainly entoccelic, but in places exoceelic, not wholly uniting centrally. 

Asexual reproduction by stomodeal fission, which may be complete or incomplete. 


Exameitn.—Dichocenia stokesi Edw. and Haime. 

DICHOCGENTA STOKEST Milne Edwards and Haime. 
(Pl. XVI, figs. 117-120.) 

External characters.—Colonies of this species have been obtained at a depth of 10 or 12 
fathoms in attempts to trawl over the Pedro Banks. It is not met with in shallower water, so 
that its habitat differs somewhat from that of the other species here described, which have all 
been obtained at wading depths. 

The polyps have been examined only in the retracted condition, when they scarcely project 
above the general surface of the colony. The individual polyps or polypal systems vary consid- 
erably in magnitude and form. The largest are oval, or narrow and elongated, the smallest 
circular or subtriangular; the long diameter may vary from 1 em. to several centimeters, and 
the short diameter is usually only 3 mm. Sometimes only one oral aperture occurs on a disk, 
but often two or more are present. The two or three small colonies available for study do 
not exhibit the meandering discal systems such as are figured in ‘‘ Florida Reefs’, Pl. X. 
The external lines of division between the individual polyps are mostly well marked, and usually 
subpentagonal in outline; in some instances, however, they are indistinguishable. 

The column wall is strongly ridged and grooyed in the retracted state, the ridges exhibiting 
small mammiform yerrucee, corresponding with the echinulations along the costal edges. In 
retracted polyps the upper part of the column is partly overdrawn, and the greater portion of 
the disk remains visible. 

The tentacles appear as if arranged in two alternating cycles, and are both entoccelic and 


exoccelic. 

The disk shows feeble radiating ridges and furrows, and upon retraction is much depressed 
within the calice. The mouth is elongated and remains partly open; the lips are thickened and 
protrude slightly. The stomodeal wall is thrown into deep ridges and furrows, the number 
varying much in different polyps, according to the size of the oral aperture. 

Asexual reproduction takes place by fissiparity, and appears to be in most rapid progress 


«“The colony is massive, pedunculate, hemispherical, lobed, or plane, and the large upper surface presents 
numerous low calices, some circular in outline, others united in short series. Columella small, sublamellar, or 
subpapillary. Septa well developed, entire, usually exsert. Pali before most of the septa. Coste rather large, 
spinulose, and merging into the granular, dense, and highly developed interealicular ccenenchyma, and they are 
seen to the base. Epitheca rudimentary. Endotheca exists. Increase by fissiparity and upward growth, 
accompanied by coenenchymal deyelopment.’’ (Duncan, 1885, p. 99.) 
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around the margin of the colonies. The polyps are here more closely arranged than toward 
the middle of the colony, and different stages in the separation of the daughter polyps can be 
followed. 

The height of decalcified polyps is about 5 mm., and in fresh material the lower one-third of 
the embedded tissues is of a dark-green color, contrasting strongly with the upper, pale-colored 
tissues. The number of septal indentations is very irregular; all numbers from six or eight to 
twenty may occur, and exhibit different degrees of radial intrusion from above downward. An 
indentation may be double in the upper region and single below. 

Anatomy and histology.—TVhe ectoderm of the column wall is constituted of long columnar 
cells, among which are few mucous cells and no nematocysts. Small, highly refractive pigment 
granules occur, distributed throughout the layer with an approximate uniformity. There is no 
evidence of the granules being restricted within limited groups, or of concentration toward the 
the inner portions of the layer. The granules are colorless in preserved material, but green in 
living polyps, and are no doubt the chief cause of the green coloration of the polyp, and the 
general opacity presented by the external tissues. The mesoglea is very thin, but thickens a 
little along the line of attachment of the mesenteries. The endoderm is a broad layer with an 
abundance of small zooxanthellie, as well as a few cells with colored granules. 

The ectoderm of the tentacles is a greatly thickened layer, and, except proximally, is 
crowded peripherally with nematocysts of two kinds—the long narrow form, and a short, stout, 
highly refractive variety; pigment granules are sparsely distributed throughout. The ecto- 
dermal musculature is well developed, and the nerve layer is sometimes seen at some little distance 
from the mesoglceal surface. The endoderm fills the lumen in retracted tentacles, and is crowded 
with zooxanthelle; a weak endodermal muscle is also distinguishable. The ectodermal and 
endodermal musculatures of the disk are clearly recognizable, and nematocysts are found in the 
peripheral region. The stomodzeum is short in vertical sections, and deeply folded transversely; 
large nematocysts occur in the outer zone of the ectoderm, and gland cells with granular 
contents are scattered about. The stomodieal ectoderm terminates in continuity with the 
mesenterial filaments. 

A small polyp sectionized transversely contained only four pairs of complete mesenteries, 
and four pairs of incomplete mesenteries alternating with these (fig. 119). In the upper region 
eight corresponding entoccelic septal invaginations occur, practically equal in size; below, how- 
ever, a slight invagination is found within the exocceles, thus constituting a third order of septa. 
In some instances a member of a third cycle of mesenteries is developed. Another polyp 
contained eighteen pairs of mesenteries, but no pairs of directives were found. The mesen- 
teries are long in transverse sections, narrow aboye and broad below, where they branch 
considerably. The mesenterial epithelium is greatly swollen on the side bearing the retractor 
muscle; the mesogloea is perfectly homogeneous, and is much and deeply folded to give an 
increased surface for the retractor muscle (fig. 120). The oblique musculature is also strongly 
developed, and toward the insertion of the mesenteries the mesoglea becomes folded for its 
support. Sections of the muscle fibers indicate that they are practically vertical on each side 
of the mesentery. 

The mesenterial filaments are simple and rounded above, in places sharply marked off from 
the endodermal enlargements behind; in many, bowever, there is no sharp line of distinction 
between the filament and the mesenterial endoderm. Proximally, where the mesenteries branch 
greatly, the filaments are likewise much developed, and here they bear large nematocysts and gland 
cells with coarsely granular green contents. The lower skeletotrophic tissues are characterized 
by an abundance of chlorophyll-like granules within the swollen endodermal layer. Even to 
the naked eye these give a strong green appearance to the lower third of the polypal tissues upon 
decalcification, and in sections the granules are seen to be thickly distributed throughout the 
layer. The granules vary a little in size and are more refractive than the surrounding cellular 
constituents. They appear to be of a similar nature to the granules occurring within some of 
the glandular cells of the mesenterial filaments, and are found only sparingly in the upper 
polypal endoderm; zooxanthellz here appear to take their place. 
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Genus ISOPHYLLIA Milne Edwards and Haime.@ 


Polyps large, coarsely and irregularly verrucose, tissues dense and strongly pigmented; one or 
many orai apertures on a single disk, which is often prolonged linearly; give rise to massive fixed 
colonies, convex or subplanate above. Gastro-cceelomic cavity and mesenteries prolonged perithecally 
around the margin of the colony. Column wall occasionally distinct, generally united with that of 
the contiguous rows along a common narrow or broad thecal edge; on retraction may fold over 
the tentacles and lateral portions of the disk. Sphincter muscle well developed. Tentacles approxi- 
mately dicyclic, entoccelic and exoceelic, introvertible, short, stem with circularly arranged urticating 
areas, rounded or knobbed terminally. Stomodzal walls deeply ridged. 

Mesenteries irregularly dicyclic, in irregular stomodzal systems; all filamentiferous; directives 
absent; mesenteries and filaments partly protrusible. Septal invaginations mainly entoceelic; interseptal 
chambers not wholly distinct below. 

Asexual reproduction by partial or complete fission. 


Exameie.—J/sophyllia dipsacea Dana. 


ISOPHYLLIA DIPSACEA Dana. 
(Pls. XVII, XVIII, figs. 121-128.) 


External characters. —The colonies are convex or flat, massive, non-incrusting, attached by 
a narrow base, and subcircular or irregular in outline. The specimens met with often attain a 
diameter of 5 or 6 inches, and occur on the reefs from a depth of 3 or 4 feet downward. The 
discal areas are mostly continuous, but in places the column wall extends across, and completely 
separates one discal system from another. The systems are arranged in a somewhat radiating 
manner, especially in young colonies, but the disposition becomes more irregular in older 
specimens. The separate discal systems vary much in their extent; sometimes a simple polyp 
occurs with only a single oral aperture, but in most cases the disks become meandering as a 
result of imperfect fission. Under ordinary conditions of retraction, the distal thickened margin 
of the columnar areas extends more than half-way down the calice, and becomes overfolded so as 
to cover the tentacles and peripheral portions of the disk. The column wall extends over the 
margin of the colony for nearly a centimeter, inclosing continuations of the gastro-ccelomic 
cavity and mesenteries. 

The superficial tissues as a whole appear very coarse, and are dark and non-transparent, 
causing the colonies to stand out prominently against the white coral sand of the sea floor, or 
against other lighter corals. Examined closely, the surface of both the column and disk presents 
a finely granular appearance, which on microscopic investigation is shown to be due to azgre- 
gations of granules within the ectodermal cells. 

The line of union of contiguous columnar areas is clearly indicated by a shallow groove, which 
is smoother and less densely pigmented. The surface of the column generally is very irregular 
under ordinary retraction, and the septal spines and teeth give rise to rows of protuberances, 
varying in size and height, and only approximately representing larger and smaller alternating 
rows. They appear as verruce on the retracted polyps, and are scarcely noticeable on full 
distention. Owing to the thickness and opacity of the tissues, the lines of attachment of the 
internal mesenteries are ordinarily not visible externally. 

On retraction the tentacles are hidden under the partly overhanging columnar areas, and on 
expansion they appear in two alternating rows, the outer a little smaller than the inner. They 
are short, either narrow and columnar, or swollen and tapering, with an opaque white apex, 
either in the form of a distinct knob or as a mere lighter area. The surface of the stem bears 
oval or irregularly shaped nematocyst thickenings, with the long axis arranged circularly; 
otherwise the walls are nearly colorless and transparent. 


«The colony is massive, convex above or subplanate. The corallites are in short or long linear series, which 
are united by their walls completely, or having a slight groove between them, or united below by the walls and 
close to the surface by costee and exotheca. Calicular centres distinct in the series. Columella spongy. Septa 
numerous, much spined. Collines stout, tall, may be furrowed on the top. Endotheca abundant”? (Symphyllia, 
Duncan, 1885, p. 91.) 
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Under ordinary conditions the discal areas are deeply depressed, and flat or slightly concave; 
on full expansion they are raised a great height above the corallum. The surface appears 
very coarse, owing to the presence of much granular matter and the verrucee over the septal 
spines; near the periphery, in the area more or less hidden by the overhanging column wall, 
the disk seems thinner, and the dense pigmentation is almost wanting. 

Usually the oral apertures appear as narrow slits, about 3 mm. in length, with the long axis 
along the length of the disk; at other times they are situated at the apex of a conical peristome. 
When open the mouth is oval or nearly circular in shape, displaying the intense white stomodeal 
walls. The latter are strongly ridged and furrowed, the number of ridges varying in different 
polyps from twelve to twenty-four; when the mouth is partly opened a sharp line of 
demarcation exists between the disk and stomodweum. The mouths are about 7 mm. apart in 
the living condition, and about 5 mm. in preserved colonies. 

The prevailing colors are dark green, brown, and yellow, with minute, opaque white, 
superficial granules, distributed practically all over. These latter interfere somewhat with the 
distinctive characters of the other colors. The yellow color predominates along the thecal ridges, 
and the green along the valleys. Irregular, opaque white, cream, or green patches are sometimes 
present on the disk, ending in streaks toward the periphery—that is, in the region covered by 
the overfolding column wall.“ 

On irritation numerous prolongations of the mesenteries and filaments are extruded through 
various regions of the body wall; sometimes the greater part of the colony will be thus covered, 
presenting a very beraggled appearance. On withdrawal, the apertures through which the 
mesenteries protruded may be so large as to be visible with the aid of a lens, and remain open for 
some time; afterwards they close and leave no external evidence of their former presence. The 
thin transparent mesentery can be easily distinguished from the dense white filament in any 
protruded portion, and the former is often greenish in color. 

Anatomy and histology.—TVhe ectoderm of the superficial body wall is remarkable for the 
abundance of a finely granular pigment substance within the cells, and for the comparative fewness 
of the clear gland cells. This condition is no doubt the principal cause of the dense opacity of 
the outer tissues already described. The pigment matter is unaffected by carmine stains and 
hematoxylin, and appears yellowish brown or greenish in sections, and in macerated tissues. It 
is mainly restricted to the deeper regions of the layer, where it is either continuous or distributed 
in more or less isolated irregular patches (fig. 122). Toward the tentacular region of the column 
wall clear gland cells are more numerous than elsewhere. 

The mesoglcea is of moderate thickness, and contains numerous connective tissue cells 
distributed throughout. Sometimes their processes are seen in connection with the endoderm, 
sometimes with the ectoderm, or may even stretch across from one layer to the other. A slight 
difference in consistency in the mesogloea is also apparent in preparations stained with aniline 
blue; lighter, tube-like portions extend across the whole layer, or in other sections appear as 
so many circular disks staining less deeply than the surrounding mesoglea. 

Zooxanthellz occur in large numbers in the endoderm of the column, while the musculature 
is strongly developed in the upper region, more so than in any other species here described. 
The inner surface of the mesoglea, for some distance, forms pointed, rounded, or dendriform 
plaits for its support, and the muscular fibrils themselyes are somewhat large in transverse 
section, constituting what must be regarded as a definite endodermal sphincter muscle (fig. 121). 
The whole form resembles what has been described in certain Actiniaria as a ‘‘ restricted” 
sphincter muscle. 

The tentacles in retracted polyps are crowded under the overhanging thickened edge of 
the column wall, and may or may not be introverted. Histologically they differ much from 
the column wall. The ectoderm is a deep iayer, containing numerous gland cells and a marginal 
zone of yery narrow nematocysts; the granular pigment matter is absent from the more 


@Prof. A. E. Verrill (1901) alludes to the very varied colors of the Jsophyllia at Bermuda. He notes that some 
specimens were phosphorescent at night, and that this property seemed to be related to the white pigment. 
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proximal region, but occurs more distally, and an ectodermal musculature is strongly developed. 
The endoderm contains few zooxanthelle. 

The peripheral ectoderm of the disk presents a wide contrast from that of the more central 
area, The latter very closely resembles the outer layer of the column wall, being opaque 
throughout, with the granular matter strongly developed; at the periphery, however, the 
ectodermal cells are longer, a larger number of clear gland cells are present, and little granular 
matter occurs. A few nematocysts may also be present, but apparently no ectodermal musculature 
is developed. ‘The mesoglcea is a little thinner than in the column wall, and its endodermal aspect 
is plaited for the support of the musculature, most marked in the peripheral region. 

Transverse sections of the stomodzeum display strong vertical ridges opposite the insertion 
of the mesenteries, while the intervening areas are much thinner; large oval nematocysts occur 
in the ectoderm of the ridges, but are absent from the grooves, which in their turn are more 
strongly ciliated. The ridges and furrows thus present somewhat the same histological differ- 
ences which exist between the general ectoderm and the gonidial grooves in Actinians. The 
granular pigmentation characteristic of the ectoderm of the column wall is absent from the 
stomodeeal ectoderm; the mesogloea is everywhere thin, and only a weak endodermal musculature 
is developed. 

The mesenteries are without any regular cyclic arrangement, and no directives occur. The 
greater number of the pairs are complete, but alternating incomplete pairs are also present in 
places, the different pairs varying in size. The incomplete members are evidently recently 
developed pairs which in time will become complete. 

The mesoglea on the mesenterial face bearing the retractor muscles is wavy in transverse 
sections, or forms numerous plaits, which, however, vary greatly in the extent of their develop- 
ment, both in different mesenteries and in different regions of the same mesentery. In the 
middle region of some of the mesenteries both mesoglceal faces are sinuous for some distance, and 
the oblique musculature on the opposite face is strongly developed. The mesenterial epithelium 
is narrow above, but becomes very broad below, and consists mainly of clear gland cells; 
zooxanthellx are also present. In the lower region most of the mesenteries become much 
convoluted, and nearly fill the septal loculi. Mesenterial filaments are borne on all the mesenteries, 
whether complete or incomplete; the mesenterial endoderm behind is swollen in some instances 
and not in others. Clear gland cells are somewhat numerous in the upper course, and in the 
lower are many large oval nematocysts. In some cases the filament has undergone. complete 
glandular modification, and the areas stand out very prominently in sections, as the contents of 
the gland cells are a deep yellow. The modification is limited to the filament, without involving 
the endoderm behind. 

The skeletotrophic tissues are characterized by the great thickness of the endoderm in the 
lower regions, and by its almost complete vacuolization. Actual cell outlines have altogether 
disappeared, and the few protoplasmic contents are aggregated in a narrow marginal zone. The 
alicoblast layer is broad in some regions; numerous desmoidal processes occur along the 
course of the insertion of the mesenteries, and here the mesogloea is much broadened. 

The septal invaginations are only entoccelic, and do not encroach much upon the gastro- 
celomic cavity until near the aboral end of the polyp, but even here the interseptal chambers 
are not distinct from one another. ; 

Female gonads were present on some of the mesenteries, restricted in their distribution 
toward the insertion of the mesentery in the body wall. Generally only three or four ova are 
seen in a transverse section of any mesentery, and may occur on either the complete or 
incomplete mesenteries. 
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Genus MANICINA Ehrenberg.« 


Polyps verrucose, incompletely separated, forming broad, continuous and sinuous discal and columnar 
systems, and giving rise to small, massive, elongated or subhemispherical colonies; attached when 
young by a conical pedicle, but afterwards free with a subconical or nearly flat base. Column wall 
distinct throughout in young, later partly united along the apex of broad inturned collines; in 
retraction may fold over the tentacles and cover the marginal area of the disk; no sphincter. Perithecal 
continuation of the gastro-ccelomic cavity and mesenteries; proportionately more in young. Tentacles 
in three or four irregular, alternating, entacmzeous cycles, entocclic and exoccelic, short, introvertible, 
rounded or knobbed terminally, surface of stem with oval urticating areas. Oral apertures numerous, 
variable in size. Stomodzal walls deeply ridged. 

Mesenteries hexamerous and regularly multicyclic in young, with two pairs of directives; later, in 
irregular, multicyclic, stomodeal systems without additional directives; all filamentiferous; increase in 
regular hexamerous cycles in young, but irregularly by unilateral pairs later. 

Mesenteries and filaments protrusible. Septal invaginations mainly entoceelic, regularly multicyclic 
in young, more irregular later. 

Asexual reproduction by continuous stomodzal fission. Polyps monccious, viviparous. 


Exameie.—JVanicina arecolata (imn.). 


MANICINA AREOLATA (Linnzeus). 
(Pls. XVIII, XIX, figs. 129-137.) 


External characters.—Isolated colonies of all sizes, from 2 to 9 or 10 em. in length, are 
met with in shallow water all round the coast of Jamaica; while from somewhat deeper regions 
examples have been obtained as much as 20 cm. across. Young specimens are attached by a 
small base to some pebble, coral, or shell, but older specimens are free. In their early condition 
the colonies are somewhat crateriform, but soon become elongated and strongly sinuous, very 
deep bays and convexities being formed along what might be regarded as the primary axis. 
Circular forms are sometimes found. When young the axial line joining all the oral apertures 
may be nearly straight, but later is strongly indented. The discal areas are nearly always 
continuous, rarely separated by a transverse division, and are often arranged in parallel rows. 

The column wall extends over the thecal edge as far as the base in young polyps, but less so 
as the colony enlarges. In older specimens it may extend for about 5 mm. down the theca, the 
remaining naked portion of the corallum being coated with a thin epitheca, to which small 
molluses, worm tubes, etc., adhere. In the retracted, or even partly retracted, condition, the 
column wall extends within the calice for some distance. It is incapable of completely closing 
over the disk on full retraction, but folds over the tentacles. During full distension the polyp 
may extend upward for a centimeter or more beyond the corallum. 

The column wall is strongly ridged, in alternate broad and narrow areas, the former only 
corresponding with septa. The ridges bear closely arranged verruce, slightly thicker and 
differently colored from the rest of the wall. The apex of the broader areas is often prolonged 
a little, almost recalling the acrorhagi of certain anemones. 

During retraction the edge-zone adheres closely to the skeleton, the echinulations of the 
coste showing through; but on full expansion the wail becomes raised some distance above the 
corallum, and is then practically smooth, the verruce being represented by small opaque spots. 

The tentacular zone constitutes a distinct boundary between the column wall and disk, 
and is comparatively broad on full expansion of the polyp. Three or four alternating cycles of 
short, stout tentacles occur in young polyps, the members of the innermost cycle being about 5 
mm. inlength. Thealternations, however, are rarely regular; smaller tentacles may mingle with 


«**Colony massive, free or pedunculate, broad-based, subhemispherical, tall, and convex or subconical or short. 
Corallites with their walls fused with those of their neighbors, except in young forms. Calicinal yalleys long, broad 
and deep, united by simple or broad and furrowed collines. Calices with indistinct centres. Columella spongy, 
essential. Septa close, thin, strongly granulated laterally, the principal with a paliform lobe, and with the free 
edge divided by fine teeth, which are regular, close, and largest near the columella. The common plateau is 
furnished with cost, which are delicate and dentate, and are partly covered by an epitheca, which is readily 
detached. Endotheca abundant, unequal.’’ (Duncan, 1885, p. 88.) 
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the larger. In fully established colonies the tentacles appear practically dicyelic, and are both 
entoccelic and exoccelic in position; the former are the more internal, and correspond with the septa 
below, while the exotentacles have no corresponding septum beneath. Usually the tentacles are 
shortly conical, with a white opaque apical swelling, not forming a distinct knob; at other times 
they are narrower, and more elongated, and the apex appears as a spheroidal knob. White, oval 
or irregular nematocyst batteries, varying in size and arranged circularly, occur all over the 
surface. On full expansion the tentacular walls may become involved in the discal tissues, to such 
an extent that they appear as mere circular patches, barely distinguishable except for the presence 
of the denser apical region. Under certain conditions some of the tentacles have been found 
completely introverted, oval apertures indicating their position externally; under these cireum- 
stances the disk appears as a smooth, naked, flattened expansion, not sharply marked off from 
the column. 

The disk is verrucose, usually depressed, and ridged and grooved radiately, the grooves cor- 
responding with the mesenteries. The radiating areas are larger and smaller, but the alternation 
is not always regular; where the discal system is elongated the areas become more transverse. 
Numerous oral apertures occur along the discal depressions, and vary much in size. Some may 
have a longer diameter of 2.5 mm.; the smaller are circular, but others are oval, the greater 
diameter being always along the larger discal axis. The mouths are usually open, allowing the 
stomodal wall to be seen, and often occur on a distinct raised peristome; when closed they 
appear as mere slits in the disk. In the condition of partial expansion the apertures occur at 
intervals of about half a centimeter, the number varying, of course, with the size of the colony. 

The stomodeum is sharply marked off from the disk, no rounded lips intervening; under 
certain conditions it may be partly extruded. The walls are very deeply ridged, as many as 
seven or eight, or even ten, ridges occurring on each side. They can be seen to correspond with 
the line of attachment of the mesenteries on the internal side, and thus represent the number of 
complete mesenteries associated with each stomodzeum. 

During full expansion the polypal tissues are semi-transparent, and the internal mesen- 
teries can be seen through. In one case seven pairs were found to reach the stomodeeum, and in 
another ten pairs; in one colony the numbers of perfect mesenteries around four oral apertures 
were 12,15, 17, and 20, respectively. The course of the mesenteries from the periphery towards 
the stomodeum, as seen through the disk, is mostly at right angles to the calice wall. In some 
pairs the course is curved, while in those most distant from the oral aperture it may form an 
obtuse angle. The mesenteries are also seen extending the whole way down the edge-zone, as in 
the column wall of an Actinian. 

The color is very variable, even in colonies living within the same area. Yellowish brown, 
as in so many other corals, is the fundamental color, and upon this may be superposed an 
ectodermal opaque white or green. The column wall generally exhibits only lighter and darker 
shades of brown, due to the internal zooxanthelle; and sometimes the whole colony may be of this 
character. The disk in most eases is lighter than the rest of the colony, often an opaque pale 
green; the color here appears quite superticial, as if produced by some dense, opaque white or 
pale green ectodermal deposit. The rows of verruce also may be opaque white, while the ground 
color is green. A similar appearance, though somewhat less dense in character, may occur on 
the upper region of the column wall. In numerous colonies at Bluetfields the coloration was 
distributed in darker and lighter irregular patches. When the polyps are fully distended, the 
distinctive colors largely disappear, the tissues becoming a pale brown, and more or less trans- 
parent. The tentacles are always colorless and transparent, but more opaque over the lateral 
urticating areas, and entirely so at the apical swelling. A dull, white ring may surround the 
oral cone. 

Colonies have been collected of which the gastro-ccelomic cavity contained numerous free 
swimming larvee, readily seen through the partly transparent tissues. Many also circulated 
freely within the tentacular cavities. Most of the larvee were elongated, with a light broader 
pole, directed forward in progression, and a dark brown, narrow, posterior pole. At times they 
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moved about very rapidly within the interior of the parent, and numbers would be shot out 
together on irritation. 

In the increase in size of the colony by partial discal fission, pairs of small oral apertures are 
frequently observed very close to one another, each exhibiting but a few stomodveal ridges 
(eight to ten), in such a way as to leave little doubt that the two have resulted from the 
division of a single large aperture. 

The polyps do not readily respond to irritation, but retract and expand slowly. White 
mesenterial filaments, with parts of the mesenteries to which they are attached, are extruded 
through the mouth upon slight disturbance, and can be again withdrawn. On irritation the 
filaments may protrude in great profusion through any part of the disk, but no apertures are 
ordinarily distinguishable. Large quantities of mucus were emitted on preservation of the 
colonies. The action of the superficial ciliation can be readily observed by placing some light 
particles on the middle of the disk; the particles are carried slowly outward, and for some dis- 
tance down the edge-zone. 

Anatomy and histology.—The column wall is a thin layer throughout. In the ectoderm 
unicellular mucous glands, with clear contents, are very abundant, and less so small narrow 
nematocysts. No pigmented granular cells are seen, the tissues, as noted amongst the external 
characteristics, being nearly transparent. The mesogloea is thin, except where united with the 
mesenteries, and the endoderm is much narrower than the ectoderm, and its cells contain 
zooxanthelle. Very delicate endodermal muscle fibers can also be detected, but in the upper 
region no concentration of the fibrils occurs in any way suggestive of a sphincter muscle. 

In sections of retracted polyps the tentacles are frequently found introverted within the 
entoccelic and exoccelic chambers. The ectoderm is a much thickened layer, crowded with long 
narrow neiatocysts, with a very distinct spiral thread. They are more numerous apically, and 
at places corresponding with the lateral thickenings; a few gland cells with deeply-staining 
contents occur, and also developing nematocysts in the deeper situations. An extremely weak 
ectodermal and endodermal musculature can be distinguished, and the endoderm is a comparatively 
thin layer without zooxanthelle. 

The disk differs but little from the column wall, except that all the layers are somewhat 
thicker, and both the ectodermal and endodermal musculatures are better developed; small 
nematocysts also occur peripherally. 

The stomodeal ectoderm is thrown into very deep vertical folds, each ridge corresponding 
with the point of attachment of a mesentery, and supported by a long, narrow, mesoglceal axis. 
The layer is very broad, and the well-defined nuclear zone is situated a little below the free 
surface; very large nematocysts, showing the internal thread, occur here and there. and in the 
deeper regions others can be traced in various stages of development (figs. 129, 131). 

Two principal orders of mesenteries are present—-complete and incomplete, each pair 
embracing, as it were, a septum. At irregular intervals are pairs of much shorter mesenteries, 
which appear to be in process of development, but not representing a distinct order or cycle. 
The order of appearance of the mesenteries for this species has been already described; larval 
polyps are regularly hexameral (fig. 132), but this is lost after fission is instituted (p. 502, ef s¢q.). 

The mesoglcea on the face bearing the retractor muscle is usually folded, but, as shown by 
figs. 129 and 130, no regularity is maintained, and the opposite face may also be deeply sinuous. 
The mesenterial filaments as arule are present on all the mesenteries, but on the youngest 
members they may be only incipient. 

Septal invaginations are found within all the entoccelic chambers, and occasionally one is seen 
within an exoccelic chamber; but in these latter instances higher sections usually reveal a pair of 
small mesenteries, so that it may be doubted whether exosepta ever really occur. 

As shown in fig. 129, the skeletotrophic endoderm varies greatly in character in the different 
regions, being greatly thickened and yacuolated in the lower and peripheral areas, and narrow 
over the septal invaginations. 
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Genus COLPOPHYLLIA Milne Edwards and Haime./@ 


Polyps verrucose, incompletely separated, giving rise to broad, continuous, flexuous, discal and 
columnar systems, and producing massive, light, flattened or slightly convex colonies, fixed by a broad 
or pedunculate base. Column wall united with that of contiguous rows along a broad common plateau, 
having a restricted, perithecal continuation of the gastro-ccelomic cavity and mesenteries, better 
developed at the periphery of the colony; in retraction the column wall folds over the tentacular zone 
and covers the margin of the disk; no sphincter. Tentacles in two, alternating, slightly entacmzous 
rows, entoccelic and exocelic. Disk with numerous oral apertures, variable in size; stomodzal walls 
deeply ridged. 

Mesenteries acyclic and mainly complete, with occasional incomplete developing pairs; arranged in 
irregular stomodeeal systems; all filamentiferous; directives absent, except in larval polyps; increase by 
irregular addition of unilateral pairs; partly extrusible. Septalinvaginations mainly entoccelic, uniform 
when fully developed, not all meeting in the middle. 

Asexual reproduction by incomplete fission. 


Examein.— Colpophyllia gyrosa (Ell. & Sol.). 


COLPOPHYLLIA GYROSA (Ellis & Solander). 
(Pl. XXII, fig. 148.) 


External characters.—The species occurs somewhat sparingly in Kingston Harbor and on 
the reefs outside, the colonies forming massive, hemispherical or irregular blocks on the sea floor, 
which are usually easily detached. The broad discal valleys, thick thecal ridges, and strongly 
developed septa give the species a coarse appearance 7n s’tu compared with most other corals. 
The distance from the apex of one thecal ridge to another is variable, but is usually between 
2and 3 cm. The valleys are sinuous, never extending for more than a short distance in a 
straight line, and usually sloping toward the periphery; a very shallow depression also occurs 
along the middle of the thecal ridges. A broad edge-zone is found around the margin of tha 
colony, and also a narrow extracalicular continuation of the coelomic cavity and mesenteries 
along the contiguous theeal rows. 

The polyps are very rarely seen in their expanded condition. During the ordinary 
condition of retraction the upper margin of the column wall is withdrawn within the calice for 
about half the height of the thecal ridges, and appears almost in continuity with the disk, the 
tentacles being completely hidden by it. The wall is divided into longitudinal ridges and furrows, 
in correspondence with the internal septa and mesenteries, and the marginal teeth on the septa 
give an external verrucose appearance to the walls. In some places the longitudinal ridges are 
all equal, but in most a much smaller verrucose ridge alternates with the larger, though never 
for more than three or four consecutive pairs. 

In the retracted condition of the polyps the tentacles are entirely hidden under the 
overfolding column wall, and have not been seen fully extended. Microscopic examination 
indicates the presence of lateral nematocyst areas and of a large terminal battery, so that in all 
probability they closely resemble the tentacles of J/anicina. 

The disk is radiately divided around the oral apertures by the internal mesenteries and septa, 
or, where the valleys are long and straight, the divisions become more parallel; verrucse occur 
over the areas corresponding with the septa, but not all the rows extend as far as the stomodzeum. 

The oral apertures are oval or round when open, slit-like when closed, the longer diameter 
being along the length of the disk. The apertures are from 1 to 2c¢m. apart. The stomodzal 
walls are provided with strongly marked vertical ridges, five to ten on each side, and in the living 
condition they appear intensely white against the darker valleys. 

The general coloration of the polyps 77 stu is light or dark brown. Examined more closely, 
the column wall is brown with grayish verrucal rows. The disk may exhibit a bright, iridescent 

«Colony massive, light and fragile, with a broad base, or pedunculate. Corallites united by their costz, the 
walls never fusing at the calicular surface, where they are very slender. Calicinal valleys moderately long, flexuous, 
large, deep, with the calicinal centers more or less distinct. Columella rudimentary or none. Septa excessively 
thin, long, slightly exsert, and striated laterally; their free margin is delicately toothed and slightly excised near the 
middle. The common plateau has small lamellar costee, broken up by dentations which are horizontal.’’ (Duncan, 
1885, p. 94.) 
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green, arranged in parallel or radiating rows, while the verruce along the septal ridges are gray. 
The green may predominate to such an extent as to give a decided tinge to the colony as a whole. 

White mesenterial filaments can be extruded through any part of the superficial tissues, and 
quantities of mucus are given out on rough handling or preservation. 

Anatomy and histology.—The column wall is delicate and deeply folded in preserved material. 
The ectoderm is a broad layer in which large, clear gland cells are by far the main constituents; 
in many places extruded mucus can be seen adhering. Supporting cells appear to merely serve 
as lines of separation between the closely arranged gland cells. In the lower region of the 
ectoderm the cells contain finely granular matter, very irregularly distributed. In some spots 
the grantlar matter may be wholly absent, and the clear contents extend the whole thickness of 
the layer; in others it is deposited but a short distance from the mesoglceal boundary, and gives 
the appearance of interstitial cells, each with its own rounded nucleus; again, in restricted 
areas, the cells may be wholly granular as far as the outer surface of the ectoderm. Long, narrow 
nematocysts occur here and there. In tangential sections toward the periphery of the ectoderm 
a very regular polygonal arrangement is presented by the gland cells, the supporting cells occu 
pying the interstices. The outer ciliation is obvious in most preparations. 

The mesogloea of the column wall is thin and nearly homogeneous; included cells occur but 
rarely. The endoderm is, like the ectoderm, highly glandular, and in addition contains many 
zooxanthelle. A delicate circular musculature is developed, but presents no indication of 
forming a special sphincter in the terminal region. 

The tentacles exhibit a broad ectoderm, and at intervals along the sides and at the apex 
are peripheral zones of nematocysts, all of the long, narrow variety, with a close spiral thread. 
A distinct zone of nerve fibrils is present toward the discal termination, and the ectodermal and 
endodermal musculatures are both well represented. 

Histologically the disk differs in no important respect from the column wall; the endodermal 
musculature is of the weakest character, while the presence of an ectodermal muscle layer is 
not determinable with certainty. The stomodzeum is oval, and of considerable vertical length; 
in retracted polyps it is deeply folded both longitudinally and transversely, so much so that in 
some transverse sections it appears for half a dozen times. The very pronounced vertical 
ridges noted amongst the external characters are not so marked a feature in transverse sections, 
especially when the stomodieum is open. The ectoderm exhibits the same histological structure 
all the way round; the mesogloea is usually thicker at the positions corresponding with the 
insertion of the mesenteries, and in some places regular ridges are formed. Very few nema- 
tocysts occur in the stomodieal ectoderm; the cells are nearly all ciliated supporting cells, while 
granular gland cells are distributed at intervals. 

The mesenteries are only divisible into complete and incomplete pairs, there being no regular 
eyclical arrangement; further, the alternation of complete and incomplete pairs is by no means 
uniform; sometimes two or three successive alternations may oecur, and at other times all the 
pairs will be complete for some distance. There is little doubt that the incomplete pairs are but 
new pairs in process of growth which will ultimately become complete, and can not, therefore, 
be regarded as representing a distinct order. No directives occurred among a large number of 
mesenteries examined. 

The mesoglceal Jamina of the mesenteries is very variable in character, being in some places 
broad and in others narrow. The foldings for the longitudinal musculature, as a rule, are only 
feebly developed, but on one member of a pair they may be very pronounced, while scarcely 
distinguishable on the other. The oblique musculature is weak above, but stronger below. ‘The 
mesenterial epithelium is broad, and comprises mainly clear gland cells; very often the clear 
secretion is preserved in the act of extrusion. 

The mesenterial filaments are of the usual type, but certain of the mesenteries become greatly 
convoluted below, the filament following the convolutions all the way; in such cases the 
convolutions in section constitute a very close, irregular mass (fig. 148). 

The septal invaginations are in nearly all cases entoccelic, but occasionally a short invagination 
may occur without any associated mesenteries being discoverable, so that probably the septa may 
appear somewhat in advance of their corresponding mesenteries and thus be exoccelic. 
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Genus MAZEANDRINA Lamarck.” 


Polyps verrucose, incompletely separated, forming mainly continuous, meandriform discal and 
columnar systems, and giving rise to massive, convex, gibbose, subplane or subspheroidal colonies, fixed 
by a comparatively narrow or broad base; perithecal continuatioh of the gastro-ccwelomic cavity and 
mesenteries at the margin of the colony. Contiguous column walls united along a narrow, common, 
thecal ridge; on retraction capable of folding over the tentacles and covering the lateral margins of the 
disk; no sphincter. Tentacles in two, alternating, shghtly entacmzous rows, entoccelic and exoccelic, 
introvertible, short, rounded terminally, stem with irregular urticating areas. Disk with numerous, 
closely arranged, small oral apertures. Stomodzal walls deeply ridged. 

Mesenteries all complete, with occasional incomplete developing pairs, arranged in irregular stomo- 
deal systems; all filamentiferous; directives absent; increase irregularly by addition of single unilateral 
pairs. Mesenteries and filaments protrusible. Septal invaginations entocelic and exoceelic, dicyclic, 
interseptal loculi incompletely separated below. 

Asexual reproduction by continuous incomplete fission. Polyps moncecious. 


Examee.-—Meandrina labyrinthica (Ell. & Sol.). 


MAANDRINA LABYRINTHICA (Ellis & Solander). 
(Pls. XXN-XANII, figs. 138-147.) 


External characters.—The colonies are massive, subspheroidal, the upper surface uniformly 
rounded, not thrown into gibbosities. The species occurs in abundance on the reefs around 
Jamaica, often forming blocks several feet across, and fixed by a narrow, irregular base; even 
large colonies are free or are readily detached when collecting. 

The external appearance of the living colonies varies greatly according to the condition of 
expansion or retraction of the superficial soft tissues. The general relations during partial 
retraction are best conceived of as a double system of meandriform depressions, separated by a 
fringe of short tentacles. One series of grooves is formed by the continuous, narrow, discal areas, 
the other by the united column walls of two contiguous polypal systems. The discal troughs are 
much deeper than the columnar, and occur within the united calices; the slight columnar depres- 
sions run along the common thecal edges or collines, and the line of union of the two adjacent 
column walls is clearly indicated at the bottom. 

On full expansion the superficial tissues become distended to such a degree that they are 
raised for several millimeters above the skeleton, the discal region increasing from 2 to 8 mm. 
across. Along the line of union the two contiguous column walls remain aftixed to the skeleton, 
so that the walls on each side rise almost vertically from the line of attachment, and may actually 
apply themselves to one another by their outer surface, or remain separated only by very steep 
valleys. In the former case the two contiguous fringes of tentacles intermingle in such a way 
that the whole surface of the colony presents to view little more than the enormously enlarged, 
convex discal areas. During maximum expansion the tentacles and the verruce may almost 
entirely disappear, the walls of the former becoming part of the flat discal tissues. In the 
fully retracted state the appearances are reversed; the deeper valleys are now formed by the 


diseal areas, and the ridges by the columnar expansions resting on the septa. The column may 
become partly overfolded, and under some conditions the two oyerfolding walls connected with 
each discal system may extend horizontally, and almost come into actual contact, so as to 
completely hide the tentacles and disk. 

The column wall appears thick and opaque when the polyps are retracted, but more delicate 
and transparent when fully expanded. The surface exbibits verrucose ridges and smooth 
furrows, corresponding respectively with the internal septal and mesenterial divisions. The 

«“Colony massive, dense, conyex, gibbose, subplane or subspheroidal, largely fixed by its base. The series of 
corallites unite by their walls, which are compact, and produce long, simple ridged collines. The valleys are 
sinuous, long, but vary in length, depth, breadth, and meandroid nature. Calices mostly indistinct, some may be 
circumscribed. Columella formed by masses of spongy tissue well developed. The septa are close, parallel, their 
inner edge thickened and enlarged transversely; upper margin denticulate, moderately granular laterally. Union of 
the transverse enlargements of neighbouring septa near the columella often occurs, and gives a paliform appearance. 
Endotheca and epitheca exist.’” (Duncan, 1885, p. 88.) 
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verruce form alternating larger and smaller rows, corresponding with the larger and smaller 
septa below, and are round, lighter in color, and closely arranged; they may appear contiguous 
in the larger rows, but are more distant on the shorter. A narrow; smooth area at the base of 
the walls indicates the line of union between one column wall and another, while distally it 
passes uninterruptedly into the tentacles. When the body wall is lying upon the skeleton the 
discal valleys are about 4+ mm. across. 

The tentacles form a narrow fringe along the two margins of each discal area. They are 
short and dicyclic, the members of the inner row slightly larger than those of the outer; the 
former correspond with the larger entosepta, and the latter with the small exosepta (fig. 139). 
During ordinary extension the inner tentacles are 2 mm. long; they are broad at their origin, 
and either terminate bluntly or are slightly knobbed. On full expansion the knob is displayed 
as a thickened, lighter, opaque area, the tentacles as a whole being shortened but more swollen. 
The surface of the stem is almost covered with small, oval or irregularly shaped, white, urticating 
spots, none, however, so large as that at the apex. 

The naked portion of the disk is very narrow, about 2 mm. across in the retracted condition, 
and is usually depressed. Its surface is verrucose in parallel or slightly radiating rows, the 
rows corresponding with the septa below, while the grooves between correspond with the 
mesenteries. ‘ 

The oral apertures are very small, oval, or slit-like, or may be circular when opened to their 
full extent. The larger axis is along the length of the discal areas, and is about a millimeter 
long; during retraction the apertures are separated from one another by a distance of 2 or 3 
mm. The stomodal wall is thrown into deep vertical ridges and furrows, varying in number 
from three or four to eight on each side (fig. 147). 

The color of the colonies in general is dark or grayish brown when the polyps are retracted, 
or green may predominate. The discal areas often show a superficial, opaque green, or may be 
dark brown; the column walls for some distance on each side of the line of union may also be 
bright green. The tentacles are a transparent dark brown. All the external tissues become 
more translucent and lighter in color when the polyps are fully expanded, appearing then as a 
pale brown. Small grayish spots usually occur over the verruce along the middle of the ridges. 

On irritation. or under unfavorable conditions, white mesenterial filaments can be emitted 
through the mouth, disk, and column wall, sometimes in such profusion as to almost cover the 
whole of the colony. 

The usual method of reproduction consists in the formation of additional oral apertures on 
the discal areas, each aperture haying a distinct stomodzeum and mesenterial system associated 
with it. Nofurther polypal separation as a rule takes place, the tentacles and column wall being 
part of the general system. Occasionally the column wall may grow transversely, and thus cut 
off a portion of the disk hearing one or more apertures. 

Anatomy and histology.—Vhe ectoderm of the column wall is characterized in places by an 
abundance of cells containing finely granular pigment, which gives a relative opacity to the 
sections wherever it occurs. The granules are situated mostly in the deeper portions of the 
layer, but are sometimes continued as far as the surface. They no doubt influence the external 
coloration, and give rise to the comparative opacity of the tissues already noticed in the living 
retracted polyps. In addition to the granuliferous cells, numbers of clear, unicellular, mucous 
glands occur, extending across the whole thickness of the layer, and rendered very conspicuous 
by reason of the perfect transparency of their contents. The long supporting cells constitute, 
as it were, a matrix in which these broader, granular, and mucous cells are embedded, and the 
nuclei form an interrupted zone just within the margin; small, narrow nematocysts also occur. 

The mesoglea is a comparatively well-developed layer in some polyps, but thin in others, 
varying with the state of expansion or retraction of the polyps. Included connective tissue cells 
ure somewhat numerous, and a delicate fibrous and vacuolated appearance is presented by sections 
stained in picro-carmine. 

The endoderm is of about the same thickness as the ectoderm, and its cells contain zooxanthelle. 
These are mostly restricted to the inner (mesogleal) two-thirds of the layer, while the nuclei and 
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protoplasm of the endodermal cells are more obvious peripherally. Only the faintest indication 
of an endodermal musculature occurs, even in the most distal region of the column. 

The tentacles are seen in transverse and vertical sections as simple outgrowths of the margin 
of the disk, and a wide lumen remains in the partly expanded condition (tig. 189). The cells 
containing pigment granules ave here much less numerous than in the column wall, and are mainly 
restricted to the proximal region. The ectoderm is broad; and long, narrow nematocysts occur 
in patches along the walls and at the apex, rendered very obyious by the internal spiral thread. 
The tentacular ectodermal and endodermal musculatures are moderately developed, and toward 
the apex a very distinct ectodermal nerve layer occurs. 

The disk presents no histological features distinguishing it from the column wall, except 
that the endodermal musculature is somewhat better developed, and pigment granules are more 
numerous in the middle regions than toward the periphery. 

The stomodeum is remarkable for the prominence of the vertical ridges. In transverse 
sections they stand out as very definite rounded projections of the wall, opposite the insertion 
of the mesenteries, and histologically they differ somewhat from the intervening intermesenterial 
depressions (fig. 147). The mesogleea at the base of the ridges is a little swollen, and sends 
processes among the ectodermal cells. The latter are mainly long, ciliated, supporting cells, the 
nuclei of which form a deeply-staining zone. In the deeper parts of the ridges are found numbers 
of pigmented ,:ranular cells; large oval nematocysts with a spiral thread, along with a second 
much smaller form, occur peripherally, along with granular gland cells. The ectoderm and 
mesogloa of the grooves are narrow, the former containing but few granular cells and nema- 
tocysts; the ciliation is uniform all round the stomodwum, or may be somewhat stronger in the 
grooves than in the ridges. A muscular layer of the weakest character can be distinguished on 
the endodermal surface of the mesoglea. In partly retracted specimens the lower portion of 
the stomodeum extends horizontally for some distance between the mesenteries, while as 
these latter cease their connection they become tipped with a tissue resembling the ectoderm 
of the stomodeal ridges, and directly continuous with the mesenterial filaments. 

The mesenteries are arranged in unilateral pairs throughout, but vary much in size. By far 
the majority of the pairs reach the stomodeeum, but incomplete pairs occur here and there, some 
large and some small; these will evidently in time also become complete. In the several 
stomodeal systems represented in tig. 141 all the pairs were complete, the number of mesenterial 
pairs inserted on each mesentery being variable. The separation between one polypal system 
and another is always in the entoccelic plane on each side, as already described in the section on 
fission (p. 513). 

In transverse sections through the soft tissues covering the most distal part of the calicular 
ridges the mesenteries on opposite sides of adjacent polypal systems may or may not correspond 
with each other (fig. 138). They are arranged at practically equal distances apart, so that the 
entoccelic and exoccelic chambers are about equal. In the upper region the septal invaginations 
are both entoccelic and exoccelic, but occasionally the latter invaginations are wanting; in the lower 
part of the polyp only entoccelic ingrowths occur (fig. 142). In the corallum it is seen that the 
small exosepta have a corresponding short vertical range. As shown in fig. 138, the edge of the 
mesenteries after leaving the column wall has a free course before becoming adherent to the 
skeleton; some of the mesenteries, as toward the right end of the section, are becoming 
attached to the skeletotrophic tissues while others are yet free. The boundary groove of two 
column walls is therefore not attached directly to the skeletotrophie tissues, but through the 
intermediation of the mesenteries. In fig. 139 all the mesenteries are connected with the skeleton. 

The mesenterial mesoglea is comparatively well developed, and on the entoccelic face is finely 
plaited to afford additional support to the musculature, while the exoccelic surface is smooth; 
here, as elsewhere in the mesogloa, included connective tissue cells are common. The muscular 
fibrils are very delicate, and in the upper region extend nearly in the same direction on each 
face. Among the many mesenterial pairs passed in review no directives haye been observed. 

The mesenterial epithelium is crowded with clear gland cells, and zooxanthelle are plentiful. 
In the lower region of the polyps certain of the mesenteries become greatly conyoluted; the 
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mesoglea also becomes very thin, and the epithelium in some cases undergoes a glandular 
modification. 

The filaments are of the usual Madreporarian type, with the mesenterial endoderm swollen 
behind (fig. 143). Numerous long, narrow, nematocysts occur, and more rarely one of the large 
oval form; supporting cells almost surround the hinder region, and diminish in length towards 
the mesoglealaxis. Granular cells, somewhat similar to those in the column wall and stomodeeum, 
’ are found in the anterior portion of the filament. 

The swollen mesenterial endoderm immediately behind the filament is remarkable for the 
abundance of large, pyriform, clear or almost clear, gland cells. Zooxanthelle are here absent, 
except in the lower regions, and very few granular gland cells are seen. In most instances the 
expanded region terminates gradually, passing into the ordinary endodermal lining (figs. 143-145). 

Certain of the filaments become glandular in character throughout a part of their course, 
having their cells either wholly or in part charged with a bright yellow, granular substance. A 
similar glandular character may be assumed also by the swollen mesenterial endoderm immediately 
behind the filament, no sharp line of separation distinguishing the two series (figs. 144, 145). 

The endoderm of the skeletotrophic tissue is a narrow epithelial layer in the upper region of 
the polyps, and contains zooxanthellze and clear gland cells, but in the lower region it undergoes 
a great alteration. It gradually increases in thickness until it is enormously broad, and loses at 
the same time most of the zooxanthellx and granular cells; the nuclei diminish in size and are 
accumulated toward the free surface, and the whole tissue stains but little. The supporting 
lamella is clearly distinguishable, and desmoidal processes occur practically throughout. its 
skeletal surface, though more pronounced along the line of attachment of the mesenteries. The 
ectoderm or calicoblast layer is a uniform, thin epithelium in the regions of active growth, as at 
the edges of the septa. The region around the insertion of the septa in the polypal wall also 
appears to be one of active growth, the cytoplasm and large nuclei of the calicoblasts staining 


deeply. 
The polyps are hermaphrodite; male and female elements may occur on the same mesentery 
(fic. 140), or on separate mesenteries (fig. 146). 


Family OCULINID 24. 
Genus OCULINA Milne Edwards and Haime.¢ 


Polyps smooth, usually spirally arranged, raised obliquely from the surface of the colony, distant, 
except toward the apex of the branches, form fixed arborescent colonies or tufts. Perithecal portion of 
the gastro-ccelomic cavity and mesenteries (edge-zone) greatly prolonged, may pass into ‘‘ccenosarc.” 
Free portion of column cylindrical or somewhat conical, overfolding on retraction; no sphincter. 
Tentacles hexamerous, tricyclic, entoccelic and exocelic, minutely tuberculated and knobbed. Disk 
circular, often prolonged in a conical manner. Stomodzal walls feebly ridged. 

Mesenteries hexamerous, dicyclic, six pairs complete, all filamentiferous, two pairs of directives. 
Septal invaginations hexamerous, tricyclic, entoccelic and exoccelic, unite centrally (columella) in lower 
region, and divide the gastro-ccelomic cavity into twelve distinct loculi, each with two unpaired 


mesenteries. 
Asexual reproduction by columnar gemmation at the apex of the branches; rarely by fissiparous 


gemmation. 


Exampeie.— Oculina diffusa Lamarck. 


«Colony arborescent or in tufts. Corallites arranged more or less distinctly in ascending spiral series, or scattered 
irregularly, prominent or sunken, often arising from an inerusting base. Ccenenchyma solid and smooth or finely 
papillose. Calices circular, oval, prominent or depressed. The columella either well developed and papillary at 
the surface, compact at the base, or rudimentary. The septa are well developed, entire or slightly spinulose where 
free, some exsert. Pali exist before all the septa except those of the last cycle. Costs as striations, or decided 
projections extending a short distance from the calicular margin. In rapidly growing forms there is no ccenenchyma 
independent of the buds. Endotheca may exist.’’ (Duncan, 1889, p. 41. ) 
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OCULINA DIFFUSA Lamarck 
(Pl. XXII, fig. 149.) 


External characters.—Small colonies of this species are met with in abundance in the shallow 
waters of Kingston Harbor, attached to loose objects on the sea floor; also in similar positions at 
Bluefields Bay. Large aborescent colonies, 10 to 12 cm. across, occur among the coral growth 
within the Harbor a little heyond Port Royal, and also on the piles of the Port Royal Dockyard. 
In these latter places they are associated with large colonies of Cladocora arbuscula, both species 
appearing as light or dark brown arborescent masses. 

The column wall is much prolonged perithecally, a wide interval separating one polyp from 
another, except in the neighborhood of the apex of the branches, where the individuals are 
closely arranged. The polyps are usually raised some distance above the general surface of the 
colony in an oblique manner, and are either circular or oval in section. They are subspirally 
disposed, and the actual line of union of contiguous column walls is not always determinable. 
The external grooves corresponding with the internal attachment of the extracalicular mesenteries 
are at first very pronounced, but tend to disappear toward the proximal termination of the polyp; 
this actually takes place only in the older parts of a colony. On full expansion the column 
wall becomes raised above the edge of the theea, and is cylindrical, smooth, thin-walled, and 
transparent. 

The tentacles are in three cycles, and usually number 24, arranged in the formula 6, 6, 12. 
The members of the first and second eyeles are practically equal in length, and measure 5 mm.; 
they narrow but slightly from the proximal to the distal extremity, and the tips are colorless and 
slightly swollen. The surface is minutely tubercular, owing to the presence of clusters of 
nematocysts. The tentacles may be erect, spreading, or overhanging, according to the state of 
expansion of the polyp; on full retraction they appear as mere processes of the disk. 

The disk is circular in polyps situated some distance from the apex of the branches, and about 
4mm. across on full expansion. During ordinary conditions it is depressed or flat, but the peri- 
stomial region may become conical on full expansion, extending beyond the tentacular zone for 
some distance (tig. 149). Radiating ridges and grooves are presented, and the internal mesenteries 
can be seen through; of these latter six pairs reach the stomodeum, and six pairs extend about half 
way across the disk. Polyps occasionally bear two oral apertures on a large oral disk, surrounded 
by a single system of tentacles (fissiparous gemimation). 

The mouth is slit-like, and the stomodxeum shows six white longitudinal lines on each side, 
corresponding with the attachment of the perfect mesenteries. 

The column wall is light or dark brown in color, the grooves being always darker than the 
ridges. The tentacles and disk on full extension are a light brown, becoming much darker in 
retracted examples. The lips and stomodeum are white. The white edges of the septa and costae 
show through very distinctly, especially on full expansion, when the colonies as a whole assume 
a lighter appearance. Examples obtained from shady places, as under the wharfs at Port Royal, 
may be perfectly colorless from an absence of zooxanthelle. 

Asexual reproduction takes place by columnar budding at the apex of the branches; fissi 
parous gemmation also takes place occasionally. In the laboratory the polyps remain partly 
expanded during the day, and are greatly distended at night. On retraction the column wall is 
drawn, iris-like, within the calice, so as to cover and conceal the tentacles and most of the 
peristome. Irritation of one polyp is responded to by others immediately around, and retraction 
proceeds after a short interval. 

Anatomy and histology. —The elongated column wall and perithecal skeletotrophic tissues 
inclose between them a large ccelomie space, partitioned longitudinally by the perithecal portion 
of the mesenteries. The superficial longitudinal chambers thus formed differ from those of most 
corals in that they are not again partly subdivided by costal ingrowths or echinulations, the 
outer surface of the corallum being nearly smooth; very shallow strive above indicate the former 
position of the perithecal mesenteries, but the intervening space is not raised into strong costie 
or echinulations. In retracted polyps the distal region of the column is drawn deeply within the 
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calice, so that transverse sections show an outer and an inner columnar wall before the tentacular 
zone is reached. The inner chambers are here partly subdivided by the septal intrusions. 

The ectoderm of the outer wall is made up almost entirely of unicellular mucous glands, 
the contents of which are perfectly clear; supporting cells surround each gland cell, their 
aggregated nuclei giving rise to a distinct middle zone. Gland cells with granular contents occur 
in the deeper parts of the layer, and small deeply-staining nuclei. Both the mesoglaa and 
endoderm are extremely thin, and the latter contains zooxanthelle. Nematocysts are apparently 
absent from the ectoderm, and only the weakest endodermal musculature can be detected in the 
upper region. Where the mesenteries are united to the outer walls of the corallum the usual 
striated mesoglceal processes are produced for attachment along the skeletal grooves, but are 
weak in character, and continue to be observable for some distance away from the mesenteries; 
in fact, they occur somewhat freely throughout the skeletal tissues. Perhaps the increased 
distribution is in some way determined by the unusual smoothness of the corallum, rendering 
increased attachment for the soft parts necessary. The skeletogenic ectoderm is extremely 
narrow, even in the growing parts of the corallum. 

The tentacles are very short in retracted specimens; the ectoderm is deeply folded, and much 
swollen at the stinging areas. The apex is the broadest part of the layer, and the nematocysts 
there are of two kinds: a small, narrow, thin-walled form, which also occurs in the lateral areas, 
and a large, oval, thick-walled form restricted to this region of the tentacle. The layer also 
contains numerous clear and granular gland cells, similar to those in the column wall. An 
ectodermal musculature is clearly distinguishable on slight sinuations of the mesoglea, and from 
it delicate fibrils pass to a nerve layer. The endoderm cells contain numerous zooxanthelle, 
and also give rise to a weak endodermal musculature. 

The stomodzeum is oval shaped in transverse sections, and the ectoderm is thrown into five or 
six folds on each side, which, however, bear no constant relationship with the attachment of the 
mesenteries. Owing to the obliquity of the polyps, one end of the stomodwum generally termi- 
nates in advance of the other in a series of transverse sections. The ectoderm passes for some 
little distance along the two faces of each of the complete mesenteries, and the mesenterial fila- 
ments of all the perfect mesenteries appear as if continuations of the stomodeeal ectoderm. ‘The 
stomodeeal ectoderm is constituted of ciliated supporting cells, among which are long, narrow, 
gland cells, with fine granular contents; in contrast with the gland cells of the column wall, 
these stain deeply and extend beyond the nuclear zone to the free surface of the ectoderm. A 
few large nematocysts are also scattered about, but apparently none of the smaller forms. The 
mesoglea is extremely thin, and no musculature is determinable on either side of it; the 
endoderm contains many zooxanthellie. 

Six pairs of mesenteries reach the stomodeum, while other six alternating pairs remain 
incomplete throughout. The musculature is extremely weak in the upper region, so that it is 
difficult to distinguish whether directives are present or not. In the proximal regions the 
musculature becomes better developed, and is supported on delicate mesoglaal folds, and here it 
is possible to make out the two pairs of directives. 

The mesenterial filaments on the complete mesenteries are in continuity with the stomodeal 
ectoderm, and histologically the two are much alike, being constituted of ciliated supporting 
cells, gland cells, and narrow nematocysts. At first the filaments are cordate in section; later 
they are nearly circular, and the mesenterial epithelium behind is swollen, so that a trilobed 
character is given to the free extremity of the mesentery asa whole. In the lower regions the 
mesenteries become convoluted, and the filament is not sharply marked off from the endodermal 
epithelium. Large and small nematocysts, similar to those in the ectoderm of the stomodeum, 
are numerous in some of the filaments, but not in all. The filaments on the imperfect mesen- 
teries, which never reach the stomodeum, are first indicated in the distal region by a small 
group of deeply-staining nuclei at the free extremity; soon, however, they deyelop so as to 
exactly resemble those of the complete mesenteries, and in the lower region it is impossible to 
distinguish between the filaments of the two cycles. The mesenterial endoderm throughout con- 
tains numerous zooxanthelle. 
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For some distance below the stomodeum the ccelenteron is imperfectly partitioned by the 
septal invaginations, but toward the base it becomes divided into twelve distinct loculi, each of 
which contains two unpaired mesenteries. Central to the Joculi are sections through the invagi- 
nations which coyered the pali and columella; they are at first free, but below are continuous 
with the septal invaginations. At first each loculus is partly divided along its peripheral border 
by the exoccelic septal invaginations, but these disappear in the lower regions, and each loculus 
is then a simple chamber. The convoluted mesenteries at first crowd the loculi, but afterwards 
wholly disappear. 


C.—SECTION FUNGACEA. 


MADREPORARIA IN WHICH THE MESENTERIES AND THE BASAL WALL LINING THE INTERSEPTAL 
LOCULI ARE PERFORATED BY SKELETAL BARS. TENTACLES OFTEN SMALL, SIMPLE OR DIMORPHIC, 
WIDELY SEPARATED. 

Family PLESIOFUNGID®. 


Genus SIDERASTRA@A Biainville. “ 


Polyps smooth, distinct, form compact, massive, convex or plane, incrusting colonies; united with 
one another along a common polygonal edge, without perithecal continuation of the mesenteries. 
Column wall smooth, short, not overfolding on retraction. Tentacles small, knobbed, in somewhat 
irregular cycles, distant from one another; sessile and exposed on retraction; dimorphic—an inner 
(entoceelic) series bifurcated, an outer (exoccelic) series simple. Stomodzal walls smooth. 

Mesenteries completely or incompletely tricyclic; six pairs complete, two pairs of directives, all 
filamentiferous, perforated by synapticula. Septal invaginations entoccelic and exoccelic, completely or 
incompletely tricyclic; incompletely separated for the greater part of their length, and perforated by 
several longitudinal rows of circular skeletal ingrowths (synapticula). 

Asexual reproduction by intercalary and marginal gemmation. Viviparous. 


Exampe.es.—S/derastrea siderea (Ell. & Sol.), Stderastreea radians (Pallas). 


SIDERASTR-BZA SIDEREA (Ellis & Solander). 
(Pls. XXIJI-XXIV, figs. 150-160. ) 


External characters.—Colonies of this species often form large, massive, compact, subsphe- 
roidal or incrusting masses on the sea floor about the reefs. The polyps are closely arranged and 
polygonal in outline at the base; adjacent polyps are united along a narrow, common calicinal 
wall, so that no pericalicular continuation of the column wall and gastro-ccelomic cavity is possi- 
ble. The polyps in a colony are not disposed in any regular plan; a slight tendency to a linear 
or circular arrangement is apparent in places, but the intercalation of new individuals at any 
spot introduces irregularities. 

The polyps do not readily expand, and even when this does take place the superficial tissues 
are raised only a little above the corallum, and the column is somewhat dome shaped, not assum- 
ing the regular cylindrical form characteristic of coral polyps generally. Outside the tentacular 
zone, but not sharply marked off from it, is a very limited, smooth, polygonal area, which is all 
that represents the column wall during partial or complete retraction. In the latter condition 
the superficial tissues are deeply depressed, and lie closely over the septa, being thrown into 
corresponding ridges and furrows (fig. 156). 

The tentacles in partly retracted polyps appear as short, stumpy processes of the disk, widely 
separated from one another, the tentacular zone occupying nearly the whole of the superficial 
area of the polyp (fig. 150). They are broad at the base, but narrow a little terminaliy, becom- 
ing swollen at the apex. The inner entoceelic members are bifurcated distally, and during 
retraction one moiety is disposed on each side of the underlying septum; the outermost exoccelic 


«Colony massive, convex or plane, dense, incrusting. Corallites united by thin and often indistinct walls. . 
Calices subpolygonal, deep, margins rounded. Columella small, papillary, made up of ascending trabeculae, which 
often fuse, here and there, into a mass. Septa solid, rather close, thin, denticulate where free, often uniting. Two 
rows of synapticula close to the watl unite the opposed septal lamellze, and tend to fill up the interseptal loculi near 
the wall. Septa imperforate. Endothecal dissepiments few. Gemmation submarginal.’’ (Duncan, 1885, p. 134.) 
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tentacles on the other hand are simple, and the apical swelling lies over the apparent inner 
termination of the septum below (figs. 151, 154, 155). The organs remain exposed, the column 
wall being incapable of closing over them, but so minute are they that in completely retracted 
preserved material it is often impossible to distinguish them, even with the aid of a tens. When 
fully expanded the tentacles are short; the common stem of the bifurcated form extends but a 
short distance, and the apex of the bifurcations is rather pointed, and bears a white nematoblast 
area. The simple tentacles have a short, thick stem, and the apex is rounded, tipped with a 
battery of nematocysts. 

The hexameral cyclic arrangement of the tentacles can be determined with a little care. No 
difference in size can be determined among the bifurcated examples, and these are disposed so as 
to form two or three alternating cycles; but the twelve members which should constitute the 
third cycle are not always present. The simple, outermost tentacles represent a fourth cycle, 
more or less polygonal in form, and equaling in number the sum of the three inner cycles, a 
multiple of six being rarely present. 

In rare cases one or more entotentacles of a fourth cycle may be developed, as in the polyp 
from which fig. 150 was taken, even though the third cycle is not completed in all the other 
systems. In such cases the exotentacles would be considered as the fifth cycle. 

The naked portion of the disk is smooth, and very limited in extent in comparison with the 
broad tentacular zone. During partial retraction the peristome is elevated, the mouth is long 
and oval, and the white lips contrast strongly with the dark-brown disk. The stomodeeum is 
smooth, without permanent ridges and furrows. : 

On the sea floor the colonies as a whole appear a characteristic reddish-brown color. On 
closer examination the disk is found to be somewhat darker than the rest of the polyp; the areas 
along the lines of union of adjacent polyps and also over the septa are lighter, the corallum partly 
showing through. The tentacles are a little paler; but, on the whole, the polyps are remarkably 
uniform in color. The young polyps on a colony are for some time much lighter colored than 
the rest. When a living colony is broken across, the superficial part of the skeleton for about a 
centimeter in depth is frequently of a pink color, contrasting strongly with the corallum below, 
which is a dense white. 

New polyps arise along the line of union of adjacent polyps, and for some time they usually 
project slightly above the general surface of the colony. The extrusion of mesenterial filaments 
through the mouth or polypal wall has not been observed. 

Anatomy and histology.—The ectoderm of the column wall contains numerous clear gland cells, 
and here and there a small oval nematocyst in which the axis is clearly distinguishable. The 
mesogloea is everywhere extremely thin except along the line of attachment of the mesenteries. 
The endoderm contains numerous zooxanthelle, and only the merest trace of any circular 
musculature can be detected. 

The tentacles have a very characteristic relation in conformity with what has been noted 
amongst the external characters. In transverse sections through the uppermost region of 
retracted polyps, passing through the sloping disk, the outermost series of tentacles are first 
come upon, appearing as simple, nematocyst-bearing swellings of the ectodermal layer, directly 
overlying the septal ridge (fig. 154). A little below these the bifurcated tentacles appear in 
section, but in this case each knob of the tentacle is situated laterally, one along each side of the 
septal invagination, and the intermediate connecting tissue, which passes over the septal edge, 
resembles that of the disk (fig. 155). Each half of the apical portion of the tentacles stands out as 
a wing-like thickening of the superficial wall, and outwardly is crowded with long, narrow, 
stinging cy but the peduncle, as such, wholly disappears, becoming involved in the discal 
tissues, No ectodermal or endodermal muscle fibers have been recognized on the walls of the 
tentacles. 

The disk presents no histological characters distinguishing it from the column wall, except 
that a slight musculature is developed in connection with both the ectoderm and endoderm. 

The stomodeum is folded both vertically and horizontaliy in retracted polyps, and the aboral 
termination is directed outwardly and backwardly. Twelve complete mesenteries are attached 
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internally at about equal distances apart, and the backwardly directed, free edge of the stomodzeum 
passes outwardly for some distance along their faces, and is continuous with the mesenterial 
filaments. A few nematocysts are found in the stomodzeal ectoderm, and long narrow gland cells 
toward the outer part of the layer. The mesoglcea is extremely delicate, while the endoderm is 
slightly broader than that of the column wall. 

Three orders of mesenteries occur. The members of the first order reach the stomodzeum; 
the secondary pairs may extend centrally nearly as far as the stomodeeum; while those of the 
third cycle are some distance away, but are nevertheless well developed (fig. 153). Apparently 
the complete condition should be six pairs of perfect mesenteries, two pairs of which are 
directives; six alternating pairs constituting the second cycle; and twelve alternating pairs making 
up the third cycle—twenty-four pairs in all. This regularity, however, is not attained in any of 
the polyps sectionized transversely. In two examples only one pair of directives occurs, the 
corresponding axial pair having the retractor muscles on the faces turned toward one another. 
Eleven mesenteries extended as far as the stomodeeum in one polyp, while the twelfth never 
reached so far; in another specimen the two pairs of directives were normally developed. 
Usually one or more of the pairs necessary to complete the twelve pairs of the outermost, third 
cycle are wanting; rarely one or more pairs of a fourth cycle are present. 

Except in the uppermost region, each interseptal loculus appears broken up into separate 
chambers, as a result of the presence of synapticula. The mesenteries extend as far as the 
peripheral boundary of the polyp only within the uppermost stomodieal region; below this 
region the interseptal loculi are devoid of any contents in their peripheral chambers, the 
mesenteries having wholly disappeared. In some cases the mesenteries may extend across two 
chambers, as seen in transverse sections, but rarely more; in vertical peripheral sections traces 
‘an sometimes be found extending through three or four rows of synapticula (fig. 156). The 
manner of disintegration and resorption of the peripheral and aboral areas of the mesenteries, 
as they become perforated by the synapticular growths, has been already described (p. 487). 
Centrally some of the mesenteries extend more than halfway down the length of the polyps, but 
none reach the aboral termination, and all are much shorter peripherally; in the middle part of 
their course they become somewhat convoluted. 

In the upper region the retractor muscles of the mesenteries are comparatively well 
developed, arranged on slight foldings of the mesoglea which extend nearly across the face 
(fig. 158); in favorable sections the oblique musculature on the smooth face of the mesentery is 
also distinguished. The mesenterial epithelium contains numbers of zooxanthelle and irregular, 
highly refractive granules. Sometimes these latter occur singly, at other times in groups, or 
even in rounded masses; they seem to be inclosed in vacuoles, and are perhaps products of 
digestion. The granules seem more numerous where the disorganization of the mesenteries 
is taking place, so that probably the products of this activity are absorbed by the more centripetal 
mesenterial epithelium, as well as by the endoderm of the skeletotrophic tissues. 

Fully developed mesenterial filaments occur on all the mesenteries, including those of the 
second and third cycles, which never reach the stomodweum. In the stomodal region the 
incomplete mesenteries exhibit only the earliest stages in filamental development; the tissue 
at the free end stains more deeply than the rest of the epithelium, but is not swollen (fig. 158). 
Lower, however, the filaments become rounded, nematocysts and deeply-staining gland cells 
occur, and the mesenterial epithelium immediately behind is usually swollen and rounded off; 
in some cases, as in fig. 159, no endodermal swelling occurs. In the aboral region the filament 
disappears some distance in advance of the mesentery. 

In retracted polyps the gastro-ccelomie cavity above is divided centrally only by the 
mesenterial partitions, but in the peripheral portion it is subdivided in addition by the septal 
invaginations (fig. 153). The interseptal loculi are very narrow, and where the larger septa meet 
in the middle some of the interseptal chambers are wholly cut off from one another, each partly 
subdivided peripherally by the shorter exoccelie invaginations. Owing to the presence of 
synapticula, and the union of the septa with one another centrally, the polypal cavity in sections 
appears greatly subdivided and intruded upon. The individual interseptal chambers never 
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become wholly distinct centrally; groups of two, three, or four chambers, as the case may be, 
communicate and feebly hang together after decalcification. 

The skeletotrophic tissues are strongly developed, and both the ectoderm and endoderm 
remain broad layers throughout; the mesoglea, on the other hand, is only determinable as a 
dividing line between the two. The endoderm is constituted largely of clear gland cells, the 
nuclei and zooxanthelle arranged in a more or less distinct marginal zone.  Peripherally 
in the upper region, and throughout the lower region, very deeply-staining, finely granular 
protoplasmic differentiations occur (fig. 160); in the avidity with which they take up stains such 
as hematoxylin, carmine, etc., and on account of their finely granular structure, they recall nuclei 
in the early stages of mitosis. They are distributed in the deeper parts of the layer, usually 
close to the mesoglea, and sometimes are present in large numbers. 

In the peripheral and lower regions the calicoblast layer remains very broad; in fact, as 
broad or even broader than the endoderm (fig. 157). It has lost all the ordinary characters of a 
columnar epithelium; cell divisions are not determinable, and the contents are mainly protoplasmic, 
with numerous very large vacuoles, and small, rounded granules, which stain readily. The 
granules are often arranged in irregular rows, stretching from the mesoglea to the free surface, 
in which latter region they are most crowded. Now and again very small ovoid bodies are met 
with, which readily stain; they appear to be the same as those deseribed by Bourne as modified 
nematoblasts. 

In the more central parts of the polyps the calicoblast layer is somewhat thinner, and nuclei 
are more numerous, and here it is found assuming a more columnar character. Deeply-staining 
desmoidal processes occur, most usually connected with the synapticula (fig. 157), though not limited 
to this position. The skeletotrophic tissues in both species of S/derastrea are exceptional in the 
slight increase in thickness which the endoderm undergoes from above downward, as well as in 
the persistence of the calicoblast ectoderm as a broad layer. 

Female gonads were found in many of the polyps sectionized from one colony. The ova occur 
singly, or two or three together, near the attached end of the mesentery, and are elongated and 
rather irregular in shape, having to adapt themselves to the very narrow interseptal loculi 
within which the mesenteries occur. The length of an ovum is often three or four times the 
breadth. They may oecur on any of the mesenteries of the three orders. 


Family LOPHOSERID™. 
Genus AGARICIA Lamarck.“ 


Polyps smooth, discal and tentacular systems distinct, but columnar boundary indeterminate; 
arranged in subconcentric groups which are more or less radiately separated; united with one another 
along a common thecal edge, which is strongly marked concentrically, but usually less so radially; the 
gastro-ccelomic cavity and mesenteries are continued at the margin (edge-zone); forma frondiform or 
horizontally flattened foliaceous skeleton, with polyps on both sides or only on upper side, fixed by a broad 
incrusting base. Column wall not overloding on retraction; no sphincter. Tentacles rudimentary or 
small, tubercular or digitiform, distant from one another, subcyclical, exoccelic wanting. 

Mesenteries irregularly multicyclic, directives wanting; all filamentiferous; increase by irregular 
intercalation of single unilateral pairs. Septal invaginations entoccelic and exoceelic; irregularly 
multicyclic. Interseptal loculi perforated above by circular skeletal ingrowths (synapticula). 

Asexual reproduction by complete discal fission ? 


Exampues.— Agaricia fragilis Dana, A. agaricites (Linn.). 

Vaughan (1901, p. 63) agrees with Gregory in combining the genera Agaricia and Mycedium, 
and recognizes only the two West Indian species, A. fragilis and A. agaricites. The specific 
distinctions are, however, very slight, but among living colonies, as with the coralla also, 
coarser and more delicate forms can always be separated. Structurally I have been unable to 
detect any important differences between the two species. Only A. fragilis will be here 
described. 


4 ‘**Colony foliaceous and irregular in shape. Calices on one or both surfaces, circumscribed or limited at least 
on two sides, in transverse or concentric series, which are separated by unequal ridges (collines), over which the 
confluent septo-costee pass. Columella tuberculous, papillose, or Compressed, Septa confluent, not numerons 


Common plateau striated and naked. Synapticula exist.’’ (Duncan, 1885, p. 161.) 
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AGARICIA FRAGILIS Dana. 
(Pls. XXIV, XXYV, figs. 161-164.) 


External characters.—Colonies form delicate, flattened, subcircular or irregular expansions, 
attached to some coral block by a broad, irregular base. Young colonies may be wholly incrust- 
ing, but later the thin peripheral regions become free. Typical examples are very regular in 
form, the polyps arranged in incomplete concentric series. Where freedom of growth is not 
permitted, the colony may be irregular in outline, and vertical expansions may then arise from 
its general surface, bearing polyps on both sides. The thickness of the central region varies 
greatly, and a gradual thinning takes place toward the periphery, which is very delicate. In an 
actively growing colony the periphery isa broad marginal zone without actual polyps, and the 
polypal tissues are continued on the under surface. 

The thecal ridges are arranged concentrically and radiately, but the regularity is often 
departed from; the concentric ridges are more pronounced than the radial, and some project 
higher than others. Similarly with the radial ridges, some are nearly of the same height as the 
concentric ridges, and may inclose two or more polyps of which the radial ridges remain lower. 
In the retracted condition the central region of each polyp is deeply depressed within the calice, 
so that each polypal area is distinctly separated from the others. The usual distance from one 
concentric ridge to another is 3 mm. and from one radial ridge to another 2 mm. 

As shown in the transverse section represented in fig. 164, the side of the polyp toward the 
periphery of the colony is more spreading than that toward the center, and thus the stomodzum is 
not always in the middle of the disk. Owing to the arrangement of the thecal ridges in a roughly 
concentric and radial manner the form of the individual polyp becomes somewhat quadrangular. 

The edge-zone at the margin of the colony is very delicate, and closely adherent to the 
corallum; sometimes it covers only a very limited peripheral portion of the under surface, the 
remainder being hidden by various foreign growths; in other cases it may spread for some distance 
over the surface of the foreign body to which the colony is adherent. 

The column wall of the individual polyp is very limited in extent, but is a little broader aiong 
the concentric borders than on the lateral borders. The boundary between the column wall of 
one polyp and that of another is only approximately determinable along the apex of the thecal 
ridges; there is no dividing groove in the soft tissues limiting the individual polyps, such as is 
found in most corals. 

The superficial polypal tissues are smooth, and so thin as to allow the septo-costz to be seen 
through. In retraction these give rise to somewhat prominent ridges on the column wall, those 
of adjacent polyps corresponding and being continuous. The septal ridges are visible from the 
outside, and different orders are represented. In most places only alternately large and small 
elevations are indicated, but elsewhere members less completely developed may denote later cycles, 
or perhaps new septa in process of growth, which in time willattain the dimensions of the others. 
The complete number of septal ridges on seven polyps was found to be as follows: 18, 20, 22, 24, 
26, 28, 80, numbers which possess no hexameral constancy. i 

The boundary between the column wall and disk also is not well defined, owing to the irreg- 
ular arrangement, and, in some cases, apparent absence of the tentacles. During retraction no 
overfolding of the wall takes place, so that the tentacles, disk, and mouth are always exposed. 
On expansion of the polyps the superficial walls are raised but a short distance above the corallum, 
and the column wall becomes only approximately cylindrical in form, remaining attached along 
the thecal edges. 

The tentacles are very rudimentary; inaeed, in some living colonies they were indistin- 
guishable even with the aid of lens, and such is often the case in preserved colonies. In other 
instances the merest tubercular elevations over the larger septo-costw were the only indications; 
none ever occur over the alternating small septo-costee, which on subsequent examination are 
found to be exoccelic in position. The tentacles usually vary in number from ten to eighteen, 
and are comparatively widely separated from one another. Where no tentacles are apparent 
there is clearly no line of demarcation to be established between the disk and the column wall of 
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the polyp. The organs occur over the apparent centripetal termination of the septa, and no 
eyclie regularity can be established (p. 429). 

The disk is small, subcircular, smooth, thin-walled, and very limited in extent. The mouth 
is small, circular or oval in shape, sometimes with a prominent peristome. 

The general color of the colonies as a whole is a bright reddish brown, and minute, emerald 
green circles indicate the positions of the numerous mouths. Observed with a lens the bright 
green, peristomial color fades gradually toward the middle of the disk. Sometimes a faint 
iridescent green extends over the whole surface of the colony. The septo-costz show through 
the tissues as lighter lines. Occasionally the green oral coloration may be absent, or replaced 
by a bright orange color. 

New polyps arise near the margin of the colony, but from the external indications it is 
impossible to say whether by gemmation or fissiparity. The mesenterial arrangement, however, 
agrees with that of other forms in which fissiparity is undoubted; Ortmann (1890, p. 288) places 
the species under the division of *t Ceenenchymknospung.” 

The species occurs somewhat sparingly in shady places on the coral reefs around the Port 
Royal Cays, from a depth of 3 to + feet downward. The bright, reddish brown color of the 
colonies as a whole renders them very conspicuous against the white dead coral blocks to which 
they are usually attached. 

Anatomy and histology.—Vhe outer superficial covering of the colony is very delicate, and the 
same remark may be made of the tissues as a whole; the column wall in sections is only 0.023 mm. 
in thickness. It forms very deep ridges and furrows, and in preserved material usually rests 
directly upon the skeletotrophic tissues of the septal ridges (fig. 162). Mesenteries are attached 
along the lines of depressions, but their vertical extent is very limited as they approach the 
thecal wall, increasing toward the more central part of the polyp. Little or no histological 
distinction separates the column wall, the tentacular zone, and the more central part of the disk, 
while in sections the tentacles themselves are only determinable by the occurrence of a few 
closely arranged large nematocysts in certain swollen regions (fig. 163). 

The ectoderm of the column wall contains numerous clear gland cells, and small nematocysts 
occur here and there, and in some places accumulations of granular matter are found in the 
deeper portions of the layer. The mesoglcea appears as an extremely delicate supporting lamella; 
the endoderm is also a comparatively thin layer, and its cells contain only a few zooxanthelle. 

The tentacles are represented in sections as single, slightly swollen batteries of nematocysts, 
0.05 mm. across, situated over a septal ridge, and disposed at different distances from the oral 
aperture. A weak ectodermal and endodermal musculature can be detected in connection with 
the tentacles, though not in any other region of the outer wall. The stomodzum is smooth all 
around and presents no distinctive features. 

The mesenteries are delicate structures, the mesogloea being thin and the epithelial layer 
very narrow. ‘The retractor musculature is feeble, and: is supported upon slight mesogloal 
foldings; zooxanthelle occur but sparsely in the endoderm. Peripherally the mesenteries have 
only a short vertical extent, but centrally they extend nearly the full vertical height of the polyp. 

The mesenteries are irregular in number and arrangement, and, as in the case of polyps 
reproducing by fission, directives are always absent. A transverse section through a polyp 
immediately below the stomodal region is represented in fig. 161, from which it is seen that 
little regularity obtains in the relative sizes of the mesenteries, and in the alternation of larger 
and smaller pairs; as shown in fig. 164, from a section through the stomodeeal region of another 
polyp. a regular alternation of complete and incomplete pairs may occur. The incomplete pairs 
as a rule vary much in size, and in places a pair may be missing, while of the complete pairs 
some may cease their connection with the stomodeum in advance of the others, or even one 
moiety before the other. In one polyp all the mesenterial pairs, with one exception, were 
united with the stomodeum, and entoccelic and exoccelic septal invaginations occurred with 
perfect regularity. The number of complete pairs bears no suggestion of any hexameral 
symmetry; seven equal pairs are present in the polyp from which fig. 164 was taken, and eight 
pairs in another polyp. 
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In sections through the upper regions of the polyp the continuity of the mesenteries is often 
interrupted by the presence of synapticular perforations; further, some of the mesenteries are 
continuous from one polyp to another. The continuity of the mesenteries of contiguous polyps 
is without doubt to be associated with the absence of distinct polypal limitations noticed among 
the external characters, and also with the confluent septo-coste characteristic of the genus; 
probably also it has some bearing upon the method of asexual growth of the colony, which calls 
for more detailed study. 

Mesenterial filaments occur on all the mesenteries, but in the upper region are very 
rudimentary in character, and imperfectly separated from the mesenterial epithelium. In the 
lower region of the polyp many of the filaments undergo an enormous development in connection 
with the convolution of the mesenteries. They mostly fill the septal loculi, and bear numerous, 
closely arranged, large nematocysts, and many clear, brightly staining gland cells, and others 
with coarsely granular contents. 

The skeletogenic ectoderm is rarely determinable in ordinary decalcified material, but 
desmoidal processes are numerous along the line of attachment of some of the mesenteries. The 
skeletotrophic endoderm remains a very narrow layer throughout, undergoing but little increase 
in thickness in the lower regions. 

In the ordinary condition of retraction the gastro-ccelomic cavity is very limited in extent. 
The central cavity is prolonged upward and outward between the mesenteries and the septa as 
far as the edge of the theca, and is there placed in communication with that of adjacent polyps 
(fig. 162). Downward the cavity soon diminishes in peripheral extent, and centrally is broken 
up into distinct chambers by the inward growth of the septal invaginations which meet in the 
middle. For some distance the interseptal loculi are crowded with the enlarged and convoluted 
mesenterial filaments. 
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EXPLANATION OF PLATES. 


Wherever the skeleton is shown in relation to the soft parts it is represented by uniformly 
dotted areas. The ectoderm is usually indicated by the conventional columnar epithelium, the 
mesoglea by a black line, and the endoderm as a tinted layer: In sections drawn under low 
magnification, as in PI. I, figs. 2-6, the calicoblast layer is usually not indicated, the mesogloa 
appearing to rest directly upon the skeleton. The retractor mtscle on the mesenteries is 
conventionally represented by small processes from the face of the mesoglea. The orders or 
cycles of mesenteries and septa are denoted by Roman numerals. 


REFERENCE LETTERS ON THE FIGURES. 
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PLATE I. 


MADREPORA MURICATA Linnzeus. 


Fic. 1.—a, Polyps at the apex of a branch of M. cervicornis. The single apical polyp is larger than the five radial or 
lateral polyps, and bears only six equal tentacles. 6, An apical polyp viewed from above. The 
comparative radial extension of the mesenteries can be seen through the transparent discal wall. c, A 
radial polyp, partly expanded, viewed from the side. d, e, Fully expanded radial polyps viewed from 
above. g, f, Reduced polyps growing on galls produced by the presence of algal growths. h-o, Different 
polyps of M. palmata; j, polyp with only ten tentacles; /, a double polyp with two oral apertures; 
0, two retracted intercalary polyps. Enlarged. 

Fic. 2.—Longitudinal section through a retracted radial polyp. The polyp.is withdrawn within the calice, the 
actual oral aperture (0. a.) being situated much below the apex of the corallite. The tentacles (¢.) appear 
as thickenings of the inturned discal wall. On the right side the stomodzeal ectoderm is in continuity 
with the filament at the free edge of a mesentery. The mesenteries and their filaments are conyoluted 
below, and different portions are seen in section. On the left side the gastro-ccelomic cavity is in 
communication with the superficial canals over the edge of the theca. 50. 

Fic. 3.—Transyerse section through a retracted radial polyp, at about the level ¢. in the previous figure. The upper 
part of the polyp is axial and the lower abaxial in relation to the branch on which it was growing. 
All the six pairs of mesenteries stretch from the skeletotrophie wall to the inturned disk. A tentacular 
protuberance arises from each mesenterial chamber, the entoccelic members being larger than the exoccelic. 
At this level the anterior tentacle (lower in the figure) is no larger than the other entotentacles, while 
the exoccelic member on each side of it is scarcely seen as a protuberance. The outer column wall 
(ccenosare) rests upon twenty-four costal ridges, but no perithecal prolongations of the mesenteries 
occur. > 50. 

Fic. 4.—Transverse section through the same polyp, at the level of the stomodzeum (about m. in fig. 2). The 
axial-abaxial relations are the reverse of those in fig. 3, that is, the lower side is axial and the upper is 
abaxial. 50. 

Fic. 5.—Transverse section through another polyp, some distance below the stomodzeal region. Only three pairs of 
mesenteries now occur, the other three having disappeared. The black oval bodies in the endoderm of 
this and the next figure represent a parasitic Protozoon. 50. 

Fic. 6.—Transverse section through the same polyp at a still lower level. Only two pairs of mesenteries are present, 
but owing to their conyoluted character each appears several times in the same section. The polypal 
cavity is greatly encroached upon by six septal ingrowths. > 50. 

600 


PLATE I. 


SEVENTH MEMOIR, 


NN 
8 
= 
a 
= 
5 


Fic, 2. 


Fig. 4. 


NAT. ACAD. SCIENCES, VOL. 8. 


J. E. D. del. 


ee a ee ee eee 


Fic. 


Fia. 


Fig. 


Fia. 


Fia. 
Fic. 


Fic. 
Fic. 
Fia. 


Fig. 


Fig 


Fic. 


Fig. 
Fig. 


PLATE It. 


MADREPORA MURICATA Linnzeus. 


.—Transvyerse section through a portion of the external covering of the skeleton (ccenosare) and the superficial) 
longitudinal canals. The outer endoderm of the canals is crowded with zooxanthelle, while they are 
more sparse internally, where the endoderm is narrow. The calicoblast layer has almost disappeared, 
but the denser part of the skeletal matrix remains, associated with desmoidal processes. 320. 

.—Transverse section through the tissues covering the uppermost part of the skeleton of an apical polyp, 
representing a superficial canal and part of one adjacent on the right side. The outer ectoderm is 
much broader than in the previous figure, and the calicoblast layer (cal. ) is also better developed. The 
endoderm lining the canals is devoid of zooxanthellee, and the mesogloea is only a mere lamella. 
X 320. 

9.—Cells from the ccenosare: a, Two varieties of nematoblasts; >, supporting cells; c, granular cell from 
endoderm, containing two zooxanthelle. 450. 

10.—Transverse section through a portion of a tentacle showing the well-developed nerve layer (nr. /.), the 
cnidocils, and cilia on the ectoderm and endoderm. 820. 

11.—Longitudinal section through the disk and uppermost part of the stomodzeal wall. > 320. 

12.—Transverse section through two mesenteries (directives), and the stomodzal wall and skeletotrophic 
tissues to which they are attached. > 300. 
13.—a, Two gland cells from the stomodzeum; }, group of ciliated supporting cells from the stomodzeum. 450. 
14.—Transyerse section through a mesentery, terminated by a mesenterial filament. x 320. 
15.—Cells from mesenterial filament: a, various gland cells; b, nematoblast; c, supporting cells from posterior 
region of filament; d, cell with zooxanthellee from the mesenterial epithelium. 450. 

16.—Transverse section through a canal near the apex of a branch, showing the deep calicoblast layer, and the 
narrow ciliated endodermal lining of the canal. 320. 

17.—Section through a decalcified canal wall some distance from the apex. 320. 

18.—Section through the wall of a canal, and a portion of the organic matrix remaining after slow decalcification. 
The section is taken from near the growing apex of a branch. Toward the upper part the matrix is still 
connected with the canal wall, but elsewhere has become shrunken from it. The matrix shows no 
cellular structure, but in appearance very closely resembles the actual skeleton as seen in surface view 
(Cities 19)Es S320! 

19.—Surface view of part of the macerated corallum near the growing apex. 320. 

20.—Mesentery from a bud, showing the early development of the mesenterial filament; the latter is at first 

indistinguishable from the mesenterial epithelium. 320. 
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MADREPORA MURICATA Linnzus. 


Fics. 22-27.—Series of sections through the ccenosare, illustrating the formation of a bud. For explanation, see p. 497. 
x 50. 
PORITES ASTRAZOIDES Lamarck. 


Fic. 28.—Transverse section through the upper stomodeal region of a partly expanded polyp. 110. 

Fig. 29.—Transverse section of the same polyp, immediately below the stomodzeal region. Rudimentary mesenterial 
filaments occur on only the first three developmental pairs of mesenteries. > 110. 

Fic. 30.—Transverse section through a partly expanded polyp. The polyp is somewhat depressed within the calice, 
so that the middle of the section includes the stomodieal region, and the periphery includes the greater 
part of the circular theca, the two wholly separated from one another except at a narrow region on the 
right side. Within seven of the twelve primary mesenterial chambers is a transverse section of an 
introverted tentacle (f.), the apex of the tentacle being represented in four of the sections by a specially 
thickened region. The ectoderm of the tentacles is now internal, and the endoderm external. Only 
three pairs of the primary mesenteries are complete, the dorsal directives having become free, their 
rudiments being seen still inserted on the stomodeeal wall. The stomodzeal ectoderm is regularly 
folded, but in a different manner from fig. 28. The double column wall ceases a few sections below, and 
the continuity of the mesenteries, from the thecal wall to the stomodzeum, is then established. > 50. 

Fic. 31.—Transverse section through the uppermost region of the calicinal edge common to four contiguous polyps. 
The partial limits of the four polyps are shown by four curved lines. Rudiments of eight exsert septa 
occur, and the first indications of two mesenteries. The gastro-ccelomic cavities of the four polyps are 
in superficial communication by means of the interseptal spaces. > 50. 
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PLATE IV. 


PORITES ASTRAZOIDES Lamarck. 


32.—Discal view of two enlarged polyps in which the tentacles are fully expanded; the radial extent of the 


mesenteries can be seen through the transparent discal wall: a, P. divaricata; b, P. elavaria. 


3.—An expanded polyp of P. clavaria in which most of the tentacles are introverted, two only being partly 


expanded. 


34.—Retracted polyp of P. clavaria with the tentacles and disk still exposed. 
35.—Retracted polyps of P. clavaria. In the two to the right the column wall is partly folded over the disk, but 


36:—P: 


admits of the tips of the tentacles and middle of the peristome being seen; the tentacles are wholly hidden 
in the polyp to the left. 

astrxoides. Vertical section through a portion of the column wall with two mesenteries attached. The 
section was doubly stained with borax carmine and methyl blue; the yellow contents of the pigment cells 
were unaffected, the nucleus alone taking up the carmine. The nature of the nearly circular body in 
the middle is somewhat doubtful. Similar bodies occur in numbers within the tissues of some polyps, 
but are absent from others; perhaps they are the reproductive sporogonia of the perforating algee, but 
the connection with the algal filaments has not been traced. Between the two mesenteries is the 
skeletotrophic covering of a septum, and in the space formerly occupied by the corallum are found certain 
bodies which seem to represent the early stages in the growth of the algal filaments. The endodermal 
epithelium of only one face of the mesentery to the right is represented. > 900. 


Fic. 37.—Isolated pigment cells from the column wall, with a group of supporting cells. 900. 
Fic. 38.—Transyerse section through a mesentery, a little below the point at which it becomes free from the 


stomodeum. The peripheral end at this level is opposite a canal, and therefore appears free from any 
connection with the polypal wall. The centripetal end is tipped with a deeply staining tissue, closely 
resembling the stomodzeal ectoderm; as yet it can scarcely be regarded as a mesenterial filament. On 
some of the complete mesenteries the filament is never developed beyond this stage, but on others it 
becomes definitely rounded off from the mesenterial endoderm (cf. fig. 839). The endoderm is highly 
glandular, and bears yellow pigment cells, zooxanthelle, and a few large nematocysts. The mesenterial 
plaitings supporting the retractor muscle are very feeble. To the right of the mesentery is a transverse 
section through the skeletotrophic tissue covering a palus. The endoderm is very glandular, like that of 
the mesentery, the mesoglova is extremely thin, and the calicoblast ectoderm at this level is a deeply 
staining layer, with numerous nuclei and highly protoplasmic cells. > 400. 


Fic. 39.—Transverse section through an interseptal loculus, some distance below the stomodzeal region. The loculus 


contains a single, well-developed mesentery. The calicoblast layer at the periphery is represented oniy 
by granular matter, with small nuclei here and there. The skeletotrophic endoderm scarcely differs 
from its condition in the upper regions (cf. fig. 36). The mesenterial endoderm is much less vacuolated 
than above, and the filament is rounded off, and displays the usual histological details, except for the 
occurrence of the irregular yellow pigment cells. > 400. 
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IRIAN, OW, 
PORITES ASTRAZOIDES Lamarck. 


—Vertical section through a polyp, a little to one side of the oral aperture. The laterally folded stomodzeal 
wall (st.) is included in section, with three mesenteries attached. Portions of three introverted 
tentacles (f.) are also included, the one to the left showing the external opening and the thickened apex. 
The column wall to the left rests directly upon the thecal wall, while to the right a narrow canal per- 
mits of communication of the polypal cavity with the one adjacent. > 50. 


.—Transverse section through the stomod:eal region of a polyp with seven pairs of mesenteries—that is, one 


pair (A, A) more than usual—situated within the entocele of the ventral directives (III, III). (The 
ventral surface is placed aboye and the dorsal is below, a reversal of the usual position throughout the 
drawings.) 100. 

—Transverse section a little below the stomodzeal region of a polyp having ten pairs of mesenteries—that 
is, four pairs (A—D) more than usual (¢f., fig. 11 b, p. 469). 50. 


ASTRANGIA SOLITARIA Lesueur. 


.—Transyerse section through the tentacular region of a retracted polyp, showing the relationship of the 


mesenteries, and the tentacular outgrowths from each mesenterial chamber (cf., fig. 8g, p. 463). 
The exoceelic tentacles are the smallest, and the others vary in size according to the order of the 
entoccelie chamber from which each arises, the six largest communicating with the six primary 
entocceles (1). 50. 

—Transyerse section through a mesenterial filament, immediately below the stomodzeal region, and part of 
the skeletotrophic tissue lining the wall of the septal loculus (sk.). At this level the filament does not 
differ histologically from the stomodeal ectoderm, and the skeletotrophic endoderm is very narrow. 
The calicoblast layer is practically absent, only a few nuclei occurring here and there. 300. 


5.—Transyerse section through a mesentery, and part of the lining of the septal loculus in which it is inclosed. 


The mesenterial filament is here more characteristic in form, and the endodermal epithelium immedi- 
ately behind is much swollen on each side. The skeletotrophic endoderm is now greatly thickened and 
highly granular. The dark circular bodies are probably nutritive particles. > 300. 


PHYLLANGIA AMERICANA Milne Edwards & Haime. 


3.—Two polyps, united only by a basal skeletal expansion. The column wall is so transparent as to allow the 


skeleton to be seen through. The polyp to the left is nearly fully expanded, the peristome protruding 
as high as the tentacles; the polyp to the right is partly retracted, the column wall nearly covering the 
tentacles. The tentacles are knobbed and tubercular. 
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PUA vale 
ASTRANGIA SOLITARIA Lesueur, 


47.—Transverse section of a polyp through the stomodzeal region. The mesenterial notation is given in fig. 8e, 
p. 462. At this level some of the mesenteries stretch in undivided continuity from the column wall to the 
stomodeum, only sections of the exsert septa being represented; others are already separated into 
calicular and pericalicular parts by the upgrowth of the theeal wall. 50. 


CLADOCORA ARBUSCULA (Lesueur). 


48.—Portion of a colony constituted of two subcolonies, one haying three united polyps and the other two. 

49.—Transverse section through the stomodzeal region of a polyp, presenting the relationships of the mesenteries 
and septal invaginations. The peritheeal part of the polyp is not represented. (See also p. 458.) 50. 

50.—Transverse section of a retracted tentacle, showing the distribution of the nematocysts in isolated projecting 
batteries. >< 300. 

51.—Transverse section of a portion of a polyp through the lowermost part of the stomodzeal region. The 
stomodieal ectoderm is reflected along each of the three mesenteries still connected with the stomodseum. 
The pair of directive mesenteries to the right are now altogether free, but each is capped by a tissue 
exactly like that lining the stomodeum. Mesenterial filaments are already developed on the incomplete 
mesenteries, which never reach the stomodeum. The perithecal parts of the mesenteries do not 
exactly correspond in number with the interealicular mesenteries, those of the younger members not 
having yet reached so far. > 50. 

52.—a, Transverse section through a portion of the column wall. The ectoderm comprises mostly large gland 
cells, and the endoderm contains many zooxanthelle. 6, Transverse section through a part of the lower 
stomodeal region. The ectoderm is constituted mainly of ciliated supporting cells and granular gland 
cells, those in the deeper parts of the layer differing from the more peripheral. > 320. 
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PLATE VII. 


CLADOCORA ARBUSCULA (Lesueur). 


53.—Transverse section of an enlarged polyp, with a triangular stomodzeal tube and three pairs of directives (D). 
The alternation of complete and incomplete mesenteries is irregular. > 50. 

54.—Transverse section through the lower part of a polyp, showing how the polypal cavity is encroached upon 
and subdivided into more or less distinct chambers by the septal ingrowths. The skeletotrophic endo- 
derm is somewhat thickened, compared with its condition in the upper region. The perithecal parts 
of the mesenteries are now beginning to cease their connection with the skeletotrophic wall. x 50. 

55.—Transverse section of the same polyp at a still lower level. The perithecal part of the polypal wall is 
here absent, and the polypal cavity is broken up into twelve distinct loculi by the middle union of the 
septa. A remnant of the polypal cavity yet persists in the center. The mesenteries have nearly 
disappeared. > 50. 

56.—Vertical section through the middle part of the disk and the stomodeeum, showing the folded character of 
the latter in retracted polyps. On the left side the stomod:eal wall is in connection with a mesentery, 
while on the right it is free and narrowed. 120. 

57.—a, Transverse section of the free extremity of a.mesentery of the second order, showing the earliest appear- 
ance of the mesenterial filament. 4, Transverse section through a mesenterial filament immediately on 
becoming free from the stomodeeal region. c, The same filament some distance below the stomodzeal 
region. (See p. 472.) 320. 

58.—Section of a part of a convoluted mesentery, with the filament at each end containing large oval nematocysts 
with a spiral thread. > 250. 
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PLATE Vii. 
CLADOCORA ARBUSCULA (Lesueur). 


59.—Transverse section through a part of the discal region of a retracted polyp, with two attached mesenteries 
(directives) and the entocclic septal invagination (sep. inv.). The skeletogenic ectoderm (cal.) 
lining the inner calicinal wall is a very distinct layer at this level, and also along the innermost 
part of the invagination, but is absent from the lateral surfaces. >< 320. 

60.—Transverse section through the elevated peristome of a bud polyp. Five pairs of complete protocnemes 
are present; the incomplete sixth pair is represented below, along with the six pairs of first- 
cycle metacnemes. The reflected stomodzeal ectoderm (7. ect.) is seen on the left side (ef., fig. 51). 
« 120. 

61.—Transverse section of a bud polyp with eight complete mesenteries, which at the leyel represented are 
filamentiferous. Two unilateral pairs of metaenemes (A,A) have appeared on the ventral, sulear, or 
outer border. > 70. 

62.—Transverse section of a pentameral bud polyp, with the metacnemic pairs showing successive stages in 
development from the lower (abaxial) to the upper (axial) aspect. > 70. 

63.—Section of the upper skeletotrophic layer, where the calicoblast layer is well developed. Desmoidal 
processes are indicated by the striated bodies, but in the section are free from the mesoglea. 320. 


ORBICELLA ANNULARIS (Ellis & Solander). 


64.—Radial section through the column wall, perforated for the passage of a mesenterial filament and the 
mesentery to which it is attached. (See p. 475.) > 300. 

65.—Radial section through the infolded edge of the column wall of a retracted polyp. The endodermal 
musculature forms a weakly diffuse endodermal sphincter muscle; pigment granules occur in groups in 
the ectoderm of the outer part of the wall. > 300. 

66.—Section through the skeletotrophic tissue lining the upper part of the theca. The edge of the broad calico- 
blast layer (ect.) is irregularly Jagged. > 400. 
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PLATE IX. 
ORBICELLA ANNULARIS (Ellis & Solander). 


Fic. 67.—Radial vertical section of a decalcified, partly expanded, polyp. The columm wall on each side passes 
uninterruptedly into a tentacle, bearing nematocysts at the apex; the disk is elevated around the mouth, 
and is partly indrawn, the actual stomodzeal ectoderm commencing a little within the tube. The 
mesenteries are represented by sections in different directions, and are limited in their distribution 
to the upper half of the polyp. On the left side a mesentery is cut obliquely, stretching from the 
column wall to the disk, and on the right side one stretches from the disk to the skeletotrophie lining 
of a septum. The two oval bodies a little above the middle are sections of the modified glandular 
mesenterial filaments, found within this and other species. The lower half of the polypal cavity is 
practically empty, but is largely intruded upon by the thickened endoderm of the skeletotrophie tissues. 
On the left side the polypal cavity is continued over the thecal edge, but its communication with the 
adjacent polyp is interrupted, while on the right side the continuity is preserved. Desmoidal processes 
(des. pr.) are strongly developed at the point of separation of the polyp and the others adjacent. > 70. 

Fic. 68.—Transverse section through a complete and incomplete mesentery and the entoseptal invaginations which 
inclose them. The larger mesentery stretches from the thecal wall to the inturned column wall, and 
about the middle its mesoglea is deeply folded on both faces for the support of the retractor and oblique 
musculature. Toward its insertion on the skeletotrophic tissues the mesoglceal foldings are more 
normal, and occur only on the face bearing the retractor muscle. The small incomplete mesentery 
bears a single ovum. No exoseptal invagination are present at this level. > 110. 

Fic. 69.—Transverse section through a portion of a mesenterial filament which has become wholly glandular and 
greatly enlarged. Drops of the secretion are represented oozing out in places. The glandular cells are 
supported behind upon the swollen mesenterial endoderm. > 320. 

Fic. 70.—Tangential section of a similar glandular filament. The middle gland cells are cut transversely, and are 
polygonal in outline, while the marginal are cut obliquely. 320. 

Fic. 71.—Free glandular and supporting cells from a mesenterial filament. > 450. 

Fic. 72.—Transverse section through a mesenterial filament, showing the more usual structure, for comparison with 
the glandular modification in fig. 69. 320. 
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PLATE X. 


ORBICELLA ANNULARIS (Ellis & Solander). 


73.—Vertical section through the skeletotrophic tissue lining an interseptal chamber at its basal termination. 


In situ the basal part of the loculus would rest upon a skeletal dissepiment. The endoderm at the 
sides is greatly thickened, measuring 0.1 mm. in section, and is largely vacuolated with but few 
protoplasmic contents; the calicoblast layer of the lateral walls has nearly disappeared. The endoderm 
at the flattened termination of the loculus is much narrower, and closely resembles the layer in the 
upper parts of the polyps. The calicoblast ectoderm (cal. ) is also a well-developed columnar epithelium, 
resting upon the skeletal membrane (sk. m.). The latter is well shown, and in some places is united 
with the ectoderm and in others free from it. At the left edge it is continued along the lateral wall. 
Desmoidal processes from the mesogloea are developed, extending across the calicoblast layer to the 
skeletal membrane. The active condition of the calicoblast probably denotes that the formation of a 
dissepiment was in process when the polyp was preserved. 300. 


SOLENASTRAA HYADES (Dana). 


74.—Group of five polyps. The uppermost is nearly fully expanded; the others are in different states of 
retraction. In some the tips of the tentacles are just visible, while in others they are completely covered 
by the overfolded column wall, only the middle of the peristome being visible. Enlarged. 

75.—Transverse section through a portion of the upper region of a retracted polyp. The section includes a 
knobbed tentacle, and shows the lateral nematocysts arranged in projecting groups. The nerve fibersare 
also clearly seen at the base of the knob. The ectodermal and endodermal musculatures of the tentacles 
are cut obliquely, and the latter is seen in continuity with the musculature of the mesenteries. The 
skeletotrophic endoderm is here a very narrow layer (cf. fig. 79), and the calicoblast layer has almost 
disappeared. > 300. 

76.—Vertical section through the column wall, showing the arrangement of the clear gland cells in the ectoderm. 
< 900. 

77.—Tangential section through the ectoderm of the column wall, to the outside of the nuclear zone. The 
interstitial supporting cells only partly separate the gland cells, which are polygonal in transverse 


section. > 900. 
78.—Tangential section through the ectoderm of the column wall at the level of the middle nuclear zone. 
x 900. 


79.—Longitudinal section through the skeletotrophic layers toward the lower termination of the polyp. The 
endoderm is greatly thickened, and contains many large granules, either scattered or aggregated within 
distinct cells. The calicoblast layer is finely granular, and presents no cell outlines. > 300. 
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80.—Transverse section through the upper part of a retracted polyp. At this level all the mesenteries extend 
from the thecal wall to the inturned column wall. > 100, 

81.—Transyerse section through the stomodieal region of the same polyp, showing the relationships of the two 
orders of mesenteries and the septal invaginations. > 100. 

82.—Transyerse section through the stomodzeal region of a bud polyp. The protocnemes are at the Edwardsian 
stage of development, and a pair of metacnemes (A, A) has appeared within each of the middle primary 
exoceeles. > 110. 

83.—Oblique section of the same bud polyp, including the central peristome and the outer zone of tentacles. On 
the right side a tentacular protuberance is already formed from the entoccele of the rudimentary pair 
of metacnemes (A). & 110. 
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PLATE XII. 
SOLENASTRA HYADES (Dana). 


Fic. 84.—Transverse section through the lower region of the same polyp as that from which figs. 80 and 81 are 
taken. At this level the entoccelic and exoccelic septa are all fused in the middle to form the columella. 
Twenty-four distinct loculi occur, each containing a single mesentery. The outer indentations of the 
locular walls correspond with the strong granulations on the faces of the septa. > 100. 

Fic. 85.—Transverse section through a septal loculus, about the middle of the length of the polyp. The filament of 
the included mesentery is somewhat incipient in character, not being sharply separated from the 
stomodieal endoderm. The skeletotrophic endoderm is comparatively narrow, and the calicoblast layer 
is well developed in places. > 300. 

Fias. 86-90.—Sections of a bud polyp taker at different levels, representing the order of appearance and relation- 
ships of the mesenteries and septa. In fig. 86 two metacnemic pairs (A, A) have appeared within the 
dorsal exocceles. For fuller description see pp. 456 and 499. 100. 
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SOLENASTRAA HYADES (Dana). 


Fic. 91.—Transverse section through another bud polyp of Solenastra, showing the proportional development of the 
mesenteries. (See p. 500.) > 100. 


FAVIA FRAGUM (Esper). 


Fic. 92.—Seetion of aboral surface of a decalcified polyp; the lateral invaginations correspond with the various” 
septa, and the middle with the skeletal processes from the floor of the calice. No hexameral regularity 
can be established. > 8. 

Fig. 93.—Transverse section of a polyp through the stomodzeal region, showing the irregular arrangement of the 
mesenteries and septal invaginations. The latter are mainly entoccelic. > 45. 

Fic. 94.—Tangential section through a mesenterial filament in the lower region. The middle part is crowded with 
large nematoeysts. > 320. 

Fr. 95.—Section through a mesentery along the edge by which it is adherent to the corallum. Conical or 
wedge-shaped desmoidal processes (des. pr.) extend all the way, some of them being cut transversely 
toward the lower part of the section. > 320. 

Fic. 95a.—Transyerse section through a mesentery, just below the stomodzeum. The mesentery is divided into 
two parts by a discal invagination which appears asa canal. (See p. 434.) > 70. 

Fics. 96-100.—Lary:e. Figs. 96-99 represent the various forms of the larvze immediately after extrusion; fig. 100 
with the oral pole swollen and the aboral narrow, the form often assumed a day or two after extrusion. 
Fig. 96 is viewed as a transparent object, the others by reflected light. Extrusion of cell débtis is 
represented as taking place from the oral aperture in fig. 96. Enlarged. 


Fia. 101.—Form assumed by larva which never attained fixation. 
Frc. 102.—A free swimming larva, about 10 days old, in which twelve tentacular prominences occur. 
Fig. 103.—A larva shortly after settling. The larva is now flattened, but non-transparent, and only four pairs of 
mesenteries are indicated on the outside. 
Fic. 104.—Upper view of a distended, non-transparent larva, a few hours after settling. The twelve mesenterial 
chambers are already formed. 
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PLATE XIV. 


FAVIA FRAGUM (Esper). 


105.—A somewhat later larval stage than that represented on PI. XIII, fig. 104. The Edwardsian mesenteries are 


complete, but the fifth and sixth pairs have not reached the stomodzeum. 


106.—A young polyp, about a week after settling, with six equal entoccelic tentacular prominences; viewed from 


above. 


107.—Another young polyp, showing six tentacular prominences. About a week after settling. 
108.—A young polyp about three weeks after fixation. Tentacles were visible under certain conditions of 


expansion, but not in the preserved preparation from which the drawing was made, haying evidently 
become part of the polypal wall. The four irregular dark patches associated with the two lateral 
complete mesenteries on each side represent the mesenterial filaments. The six oval lighter areas 
within the primary entocceles indicate the place of origin of the six primary septa. 


109.—A much later larval polyp, viewed from above. The twelve prototentacles are already established, and 


an additional tentacle has appeared within the dorsal and middle interspaces on each side. Transverse 
sections of the same polyp (p. 509) reveal that a pair of metacnemes has arisen on the column wall, 
within the dorsal and middle exoccele on each side, so that the additional tentacles are outgrowths of 
the entocceles of the new pairs of metacnemes. The entoccelic metatentacles, like the prototentacles, 
thus arise in advance of the exoccelic members (p. 432). 


110.—Vertical tangential section of the young decalcified polyp represented in fig. 108. The four complete 


mesenteries are seen in their vertical extent, and in such a section divide the polyp cavity into five 
chambers. The basal ectoderm (calicoblast layer) which produces the basal plate has almost disap- 
peared. 70. 


111.—The right half of the same section more highly magnified. Remnants of the calicoblast ectoderm are seen, 


along with feeble desmoidal processes, especially at the basal extremity of the mesenteries. >< 300. 


112.—Transverse section through the stomodzeal region of a larva taken from a preserved fertile polyp; the 


dorsal surface is lower and the ventral is upper. Only three pairs of mesenteries are developed, one 
pair of which is complete; pair II, II is better developed than pair III, III. Cell débris and free 
zooxanthellee are seen in the larval cavity, now well established. The ‘‘ Reflected ectoderm”’ is well 
shown on the endodermal side of the stomodzeum. > 280. 
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PLATE XV. 


FAVIA FRAGUM (Esper). 


. 113.—Transverse section through the stomodial region of a larva after six hours’ extrusion. Two pairs of 


mesenteries are here complete. > 200. 


. 114.—Transyerse section through the same larya, a little below the stomodeeal region. Two additional pairs of 
mesenteries (IV, IV; V, V) are developed at this level, but no trace of a sixth pair. 200. 
. 115,—Transverse section of a somewhat older larva. Three pairs of mesenteries are here complete, and the 


fourth and fifth pairs extend higher than in the last larva. > 200. 


. 116.—Transyerse section of the same larva a little below the stomodeal region. Six pairs of mesenteries are 


now present, filaments occurring on the first three developmental pairs. 
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PLATE XVI 
DICHOCGSNIA STOKESI Milne Edwards and Haime. 


Fic. 117.—Transyerse section through part of the upper region of a strongly retracted polyp, showing how the discal 
tissues may be drawn downward within the polypal cavity, so as to form the so-called mesenterial 
funnels (ef. fig. 95a). (See p. 434.) > 100. 

Fic. 118.—Transverse section of the disk invaginated between two mesenteries. The section is much lower than 
that from which the former figure was taken. 100. 

Fic. 119.—Transverse section through a small separate polyp with four pairs of complete mesenteries, none of 
which are directives, and four incomplete pairs. The septal invaginations are mainly entoccelic. The 
stomodieal ridges and grooves are well shown. 100. 

Fic. 120.—Transverse section through a mesentery with complicated mesoglceal plaitings for the support of the 
retractor muscle. 300. 
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ISOPHYLLIA DIPSACEA Dana. 


Fic. 121.—Vertical section through the overfolded part of the column wall of a retracted polyp, showing the sphincter 
muscle supported on somewhat complicated mesogiceal foldings. 200. 

Fic. 122.—Vertical section through a part of the column wall. Dark granular matter occurs in restricted patches 
within the ectoderm. > 220. 

Fic. 123.—Free portion of a mesentery terminated by a mesenterial filament. The musculature is here very feeble, 
and the mesoglcea is narrow and smooth on both faces. > 300. 

Fic. 124.—Isolated nematocysts; a, from tentacular ectoderm; 6, from mesenterial filaments. > 900. 

Fic. 125.—Larva shortly after extrusion. The wall is partly transparent, and shows three pairs of mesenteries; one 
strongly developed pair extends practically the full length of the larva, while the two others extend but 
a short distance. Enlarged. 

Fic. 126.—Transverse section through the uppermost stomodeal region of a freshly extruded larva. Two pairs of 
mesenteries with thickened mesogloa extend from the column wall to the stomodzeum, but the ventral 
pair (III, III) is free. X 200. 
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ISOPHYLLIA DIPSACEA Dana. 


Fic. 127.—Transverse section through the stomodeal region of the same larva as that from which the section 
represented on Pl. XVII, fig. 126, was taken. At this level the ventral pair of mesenteries has already 
disappeared, and the members of the dorsal pair are very rudimentary. ‘‘ Reflected ectoderm”’ is seen on 
the upper and lower borders of the stomodzeum. The larval cavity is occupied by a highly vacuolated 
tissue containing many zooxanthelle. 200. 

Fic. 128.—Transverse section through the same larva below the stomodzeal region. The members of one pair of 
mesenteries are very strongly developed and bear filaments. The polypal cavity is still filled with the 
vacuolar tissue, which shows divisions here and there, especially around the mesenterial filaments. An 
odd mesentery is strongly developed on the lower surface, and is probably to be regarded as an 
irregularity. > 200. 


MANICINA AREOLATA Linnzeus. 


Fie. 129.—Transyerse section through a complete mesentery toward the lower part of the stomodzeal region, including 
the portion of the stomodzeal wall and skeletotrophic tissue to which it is attached. The mesogloal folds 
supporting the retractor muscle are simple, and mainly restricted toward the basal insertion of the 
mesentery. The muscular fibrils on the other face of the mesentary are well developed, especially 
toward the middle, where they are cut obliquely; elsewhere they are cut practically transversely. At 
this level the skeletotrophic endoderm lining the calicinal wall is greatly thickened and vacuolated, 
with very few protoplasmic contents, and the nuclei limited toward the margin; the skeletotrophic 
endoderm of the septal invagination is, however, very narrow. There are practically no remains of the 
calicoblast layer nor desmocytes, and the skeletotrophic mesoglcea isa thin lamella. > 300. 

Fic. 130.—Transyerse section through an incomplete mesentery, terminated at its free extremity by a rudimentary 
mesenterial filament. The face of the mesoglea bearing the retractor muscle is very deeply plaited 
almost throughout its extent. A comparison with fig. 129 shows how greatly the mesoglowal folds may 
vary within the same species. x 300. 
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PLATH XIX. 
MANICINA AREOLATA Linnzeus. 


151.—Transverse section through the stomodzeum of a polyp, showing the relationship of the ridges and furrows 
to the internal attachment of the mesenteries. > 110. 

152.—Transverse section through a young polyp toward the inner termination of the stomodeum. The mesen- 
terial plan is represented on p. 504, fig. 13f. At this level the edge-zone is already terminated at some 
places, but persists at others. Only certain of the perithecal continuations of the mesenteries extend 
thus far, and some have ceased their connection with the skeletotrophic wall, while retaining that with 
the column wall. The isolated portion of the column wall at the upper side of the figure is exception- 
ally distended, and only fragments of the mesenteries are included. 70. 

133.—Freshly extruded larvie. In the one viewed from above (/) three pairs of mesenteries are already united 
with the stomodzeum, and three other pairs are free. Enlarged. 

134.— Another larya, about four days old, adherent to a plate of glass. The mesenteries are at almost the same 
stage as in the larva represented in fig. 133 (b), but pair III, III, has not yet reached the stomodzeum. 
Enlarged. 

135.—Young polyp, twenty-one days after extrusion, fixed to glass and viewed as a transparent object. The 
tentacles are incapable of complete retraction, and appear as twelve spheroidal knobs arranged in two 
alternating cycles of six each. The eight Edwardsian mesenteries are complete, but the remaining four 
are incomplete. The skeleton is represented by six entoccelic radiating septa; the basal plate was also 
developed, but is not shown. 70. 

136.—Another young polyp of the same age, in which the formation of the six septa has not proceeded . 
regularly. The first trace of the columella appears in the middle. The tentacles are not distinctly 
seen, haying become depressed in the discal wall. 70. 

137.—Vertical section of the young polyp represented in fig. 136, after decalcification. The section passes 
through the wide oral aperture; the stomodeum terminates freely on the left side, but is in union with 
a mesentery on the right side. A tentacular thickening occurs on the left, and serves to delimit the oral 
disk and column wall. The basal disk is practically devoid of any ectodermal (calicoblast) layer, but 
toward the free column wall at each end it begins to appear. A septal invagination occurs on each side, 
the polypal wall resting upon them. Histologically the endoderm of the basal disk differs from 
that of the column and oral disk. 200. 
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MHANDRINA LABYRINTHICA (Ellis & Solander). 


Fig. 138.—Transverse section through the upper part of the polypal tissues covering a collinal ridge; the column 
wall and mesenteries on one side belong to a different series of polyps from those on the other 
side. The irregular parts of the corallum included are the first traces of the exsert septa and thecal wall. 
The septa at this level are both entoccelic and exoccelic, the former being much better developed. 
Certain of the mesenteries are free for some distance at their inner extremity, and others are already 
attached to the skeletotrophic tissues. The mesenteries are arranged at practically equal distances 
apart, and no directive pairs occur. The pairs of the two adjacent systems do not correspond. 75. 

Fig. 139.—Transverse section through the tentacular region of the same retracted colony. The middle skeletal area 
represents the thecal wall common to two polypal systems; small exoseptal invaginations occur in 
addition to the entoseptal. The rounded eyaginations of the mesenterial spaces represent the tentacles; 
the entotentacles (en. ft.) are larger than the exotentacles (ex. t.). > 75. 

Fic. 140.—Section through an incomplete mesentery, and part of the wall of the septal loculus in which it is inclosed. 
Three oya and two spermaria occur within the mesentery. The skeletotrophic endoderm is highly 
vacuolated, the nuclei and protoplasmic contents aggregated mainly toward the margin. 110. 
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MHANDRINA LABYRINTHICA (Ellis & Solander). 


Fic. 141.—Transverse section through the stomodeeal region of part of a colony, including four stomodzea and their 


Fic. 
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associated mesenteries. The number of mesenteries inserted on each stomodzeum is variable, and in 
the portion represented no incomplete pairs occur. The septal invaginations at this level are mainly 
entoceelic. The line of separation between each stomodzeal system passes through two entocceles, never 
through an exoccele. No pairs of directives ever occur. The endoderm is not represented. > 40. 

142.—Transyerse section at a still lower level, showing how the polypal cavity is encroached upon by the 
ingrowth of the entosepta and their fusion in the middle. In some cases the interseptal loculi thus 
produced are wholly distinet in section, but elsewhere several are in communication. The two 
mesenteries included within each loculus belong to adjacent pairs, no exosepta being present. > 110. 

145.—Section through a mesenterial filament and the swollen part of the mesenterial endoderm immediately 
behind. 320. 

144.—Section through another filament, in which many of the cells on the left side are filled with granular 
contents. > 3820. 

145.—Section through a part of a mesenterial filament in which the cells have all become enlarged and 
glandular, the modification having also affected the swollen endoderm behind (see p. 473). Three 
granular gland cells are found in the section, in addition to the clear gland cells. >< 400. 

146.—Section through a mesentery containing two ova. > 300. 
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PLATE XXII. 
MANDRINA LABYRINTHICA (Ellis & Solander). 


147.—Transverse section through two stomodzal ridges opposite the insertion of the mesenteries, showing the 
difference in histological character between the ectoderm of the ridges and that of the grooves. > 300. 


COLPOPHYLLIA GYROSA (Ellis & Solander). 


148.—Section through the convolutions at the free extremity of a single mesentery; each convolution is termi- 
nated by a mesenterial filament. > 70. 


OCULINA DIFFUSA Lamarck. 


149.—Portion of a branch of a living colony, showing the different forms assumed by the polyps on expansion 
and retraction. 


SIDERASTRBA SIDEREA (Ellis & Solander). 


150.—Retracted polyp. The septa are seen through the partly transparent polypal walls, and superficially the 
arrangement of the entoccelic and exoccelic tentacles on the disk. The Roman numerals indicate the 
cycles to which the entotentacles and entosepta belong, the outermost cycle comprising only exotentacles 
and exosepta. The first, second, and third cycles of entotentacles and entosepta are complete, except 
that a third-cycle tentacle and septum are wanting in the lower left-hand system. In the upper left- 
hand system a fourth-cycle entotentacle and entoseptum have appeared. 

151.—Fully expanded tentacles: «, Bifureated entoccelic; b, simple exoceelic. Enlarged. 

152.—An interseptal lamella from WS. radians, freed by decalcification and slightly magnified. When in situ the 
lamella lines the two walls of an interseptal loculus and incloses a mesentery; the left vertical border is 
peripheral, the right central; the curved upper border is in continuity with the disk, the lower is 
adjacent to a dissepiment. The three vertical rows of apertures represent the spaces formerly occupied 
by synapticula. > 20. 
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SIDERASTREA SIDEREA (Ellis & Solander). 


Fie. 153.—Transverse section through the stomodeeal region of an adult polyp. Six pairs of complete mesenteries 
constitute the first cycle, six alternating pairs the second cycle, and only ten pairs are present in the third 
cycle. At this level the mesenteries nowhere extend as far as the peripheral limits of the interseptal 
loculi. Both mesenteries and loculi are interrupted by the synapticula which connect adjacent septa. 
Septa occur within both the entocceles and exocceles, and in some cases are fused at their central termi- 
nation. >< 100. 

Fic. 154.—Transverse section through the upper part of the disk of a retracted polyp. The discal walls are resting 
directly upon the tissues covering the septal edges. The simple apical knobs of two exoccelic tentacles 
(represented diagrammatically) are seen lying directly over the edge of the exosepta. > 110. 

Fic. 155.—Transverse section through the lower part of the disk of the same retracted polyp. The section at this level 
includes the synapticula, which are seen perforating the mesenteries, and an entoccelic tentacle with two 
apical knobs, one on each side of the entoseptum. > 110. 

Fic. 156.—Tangential section through a part of the peripheral region of a polyp, exhibiting the short vertical extent 
of the mesenteries, and also the slight increase in thickness of the skeletotrophic tissue from above down- 
ward. The column wall rests directly upon the tissues covering the septa, and is thrown into ridges and 
grooves corresponding with the septa and mesenteries. > 70. 
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PLATE XXIV. 
SIDERASTRZA SIDEREA (Ellis and Solander). 


157.—Portion of the skeletotrophic wall with a mesentery attached, from the middle region of a polyp. The 
mesoglea of the mesentery is greatly swollen and striated at the extremity where it comes in contact 
with the skeleton, and the calicoblast layer, very broad elsewhere, is here absent. > 400. 

158.—Transyerse section through an incomplete mesentery in the stomodzeal region. The incipient mesenterial 
filament, the mesogloal plaitings supporting the retractor muscle, and the glandular character of the 
mesenterial endoderm are represented. The peripheral end of the mesentery has already undergone 
resorption toward its fixed extremity, +and is free from the skeletotrophic tissues and greatly narrowed. 
< 300. 

159.—Transverse section through a mesentery, a short distance below the stomodzeal region, along with its 
attachment to the skeletotrophic tissues. The mesenterial filament is here fully developed. The calico- 
blast layer is as broad as the endodermal layer, and is highly granular and vacuolated; a portion of the 
skeletal matrix is persistent on the right side. The mesogloa is expanded along the line of attachment 
of the mesentery to the septal invagination. > 300. 

160.—Portion of the skeletotrophic wall from the lower region of the polyp. It differs but little from its char- 
acter in the upper part of the polyp. > 400. 


AGARICIA FRAGILIS Dana. 


161.—Transverse section through a polyp immediately below the stomod:eal region. No regular alternation of 
larger and smaller mesenterial pairs can be established, and no directives occur. At the upper right- 
hand corner two mesenteries are united by their free extremity. 70. 

162.—Transverse section through the upper part of a portion of two retracted polyps. The polypal walls all 
round are practically resting upon the septo-costee. In the middle left of the section the exsert septo- 
coste are seen in section free from the calicinal wall, and the mesenteries of the two adjacent polyps 
are continuous. The gastro-cwlomic cavity of the two polyps are likewise in communication along 
the sides of the septo-coste.. On the upper right the mesenterial chambers and mesenteries have been 
broken up by the formation of synapticula. > 70. 

163.—Radial section of a portion of the disk showing a slight tentacular prominence. 110. 
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PLATE XXV. 
AGARICIA FRAGILIS Dana. 


164.—Transverse section through the stomodzal region of a polyp with seven pairs of complete mesenteries 
and seven alternating incomplete pairs. The upper part of the section, with the transversely shortened 
mesenteries, is the aspect toward the middle of the colony, the lower is toward the periphery. The 
septal invaginations are both entoccelic and exoceelic. No directives are present. >< 70. 


AGARICIA AGARICITES (Linnieus). 


165.—Vertical section through a freshly extruded larvee. On the right side the stomodeal ectoderm is in 
continuity with the mesenterial filament of a mesentery extending the whole length of the larva. 
Zooxanthelle are mainly aggregated in the endoderm around ,the stomodzal invagination; a few occur 
within the oral ectoderm. The larval cayity is wholly occupied by a vacuolated tissue; the ectoderm at 
the aboral extremity is greatly modified from that elsewhere, nervous elements being very prominent 
and gland cells sparse. > 250. 

166.—Transverse section through the stomodzeal region of a larva. Four pairs of complete mesenteries and two 
incomplete pairs are present, but no endodermal cavity is yet formed. > 300. 

167.—Transverse section through the same larva, shortly below the stomodzeal region. All the six pairs of 
mesenteries are filamentiferous, including the fifth and sixth pairs, which are throughout free from the 
stomodzeum. Divisions in the vacuolated tissue are seen associated with the mesenteries. > 300. 
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